Google 



This is a digital copy of a book that was preserved for generations on library shelves before it was carefully scanned by Google as part of a project 

to make the world's books discoverable online. 

It has survived long enough for the copyright to expire and the book to enter the public domain. A public domain book is one that was never subject 

to copyright or whose legal copyright term has expired. Whether a book is in the public domain may vary country to country. Public domain books 

are our gateways to the past, representing a wealth of history, culture and knowledge that's often difficult to discover. 

Marks, notations and other maiginalia present in the original volume will appear in this file - a reminder of this book's long journey from the 

publisher to a library and finally to you. 

Usage guidelines 

Google is proud to partner with libraries to digitize public domain materials and make them widely accessible. Public domain books belong to the 
public and we are merely their custodians. Nevertheless, this work is expensive, so in order to keep providing tliis resource, we liave taken steps to 
prevent abuse by commercial parties, including placing technical restrictions on automated querying. 
We also ask that you: 

+ Make non-commercial use of the files We designed Google Book Search for use by individuals, and we request that you use these files for 
personal, non-commercial purposes. 

+ Refrain fivm automated querying Do not send automated queries of any sort to Google's system: If you are conducting research on machine 
translation, optical character recognition or other areas where access to a large amount of text is helpful, please contact us. We encourage the 
use of public domain materials for these purposes and may be able to help. 

+ Maintain attributionTht GoogXt "watermark" you see on each file is essential for in forming people about this project and helping them find 
additional materials through Google Book Search. Please do not remove it. 

+ Keep it legal Whatever your use, remember that you are responsible for ensuring that what you are doing is legal. Do not assume that just 
because we believe a book is in the public domain for users in the United States, that the work is also in the public domain for users in other 
countries. Whether a book is still in copyright varies from country to country, and we can't offer guidance on whether any specific use of 
any specific book is allowed. Please do not assume that a book's appearance in Google Book Search means it can be used in any manner 
anywhere in the world. Copyright infringement liabili^ can be quite severe. 

About Google Book Search 

Google's mission is to organize the world's information and to make it universally accessible and useful. Google Book Search helps readers 
discover the world's books while helping authors and publishers reach new audiences. You can search through the full text of this book on the web 

at |http: //books .google .com/I 



JamoB E. Biusell 




4>A 



i 



•i 






i1 



A PRACTICAL SYSTEM 



<w 



MENSURATION 



Of 



SUPERFICIES AND SOLIDS? 



SBSMKIO BSriCUU.T FOE 



ADVANCED SCHOLAES IN SCHOOLS AND ACADSttlES. 



% « - - 



BY BEV. J. M. SCBIBNEB, A. M. 

LATS 7AiIfCir4L OF THE ▲UBUUff F£lfl.LB SSMINAiy. 



♦ 



auburn: 

JPUBLISHED B7 H. «b J. C. IVIBON, 80 6ENESEB STREET. 

rOft BALK BY TBB PRINCIPAL BOOXB BLLBftf « 

1844. 



1 



Entbrkd according to Act of Congress, in the year 1644, 

BY J. M. SCRIBNER, 
in the Clerk's Office of the District Court for the Northern District of New York. 




RECOMMENDATIONS. 



^^^^■^^^^»^»^^^>^^^h^%^^^ * 



I have examined, with mach care, the proof sheets of "Mensuration 
of Syperfidts and SelidSj" by the Rev. J. M. Sgribner, and it gives 
me pleasure to state that I have been very favorably impressed with 

|t the character of the book. I am satisfied that it is well adapted to the 
wants and capacities of those for whom it is intended ; more so than 

X any other prodaction, of a similar kind, with which I am acquainted. 

'^ Wm. HOPKINS, 

^ Frincipal of the Aubwm Acadtmy, 

:f AoBURN, April 19th, 1844. 

(^ 

-^ I fully concur in the foregoing opinion of Mr. Hopkins, and will 

o add, that I hope to see the work introduced as a Text Book in our 

^ Schools. 

P. H. PERRY, 

Town Superintendeut of Com, Schools. 



AuBURir, April 20, 1844. 
Dear Sik : Your " Mensuration of Superficies and SelidSj^* is a work, 
the want of which has long been felt in our Common Schools. Its 
purely practical character must at once commend it to the favor of the 
discerning; and our older pupils should not, and I trust will not, rest 
satisfied short of an acquaintance with the principles which the work -^ 
so clearly illustrates and applies. / 

Very Respectfully, Yours dec. 

E. G. STORKE, 
Rev. J. M. ScRiBNBB. County Superintendent of Common Schools, 
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PREFACE 



Mathebcatics is studied either as a necessary branch of 
a finished education, or by those >¥ho are anxious to store 
their minds with scientific facts and principles, to qualify 
them for active useiuhiess and the various employments and 
professions to which they may be called in after life. The 
scholar by studying a system of theory may have all his 
ends aiiSwered, but the practical mechanic, the engineer^ 
and the man of busmess cannot follow their professions and 
perform their part with propriety without being expert in 
ntostbrancbea of mathematics. 

The work now presented to the public, had its origin in 
a desire on the part of the author to draw up a practical 
treatise on the Mensuration of Superficies and Solids for 
the use of advanced scholars in Schools and Academies. 
It is conceded on all hands that this important and useful 
branch of mathematics has been too much neglected, and 
that the time has come when a work comprised within 
moderate limits, and adapted to the wants of our young 
men of ardour and enterprise^ who intaid devoting them- 
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selves to mechanical pursuits, can no longer be dispensed 
\vith in our institutions of elementary education. And it is 

believed, also, that no production of the kind, well calcula- 
ted and adapted to the wants and capacities of those ac* 
quiring an elementary education, has as yet been offered to 
the public. 

Lord Brougham, in his "Practical Observations upon the 
education of the People,'* very judiciously remarks, that" a 
most essential service will be rendered to the cause of 
knowledge by him who shall devote his time to the com- 
position of elementary treatises on mathematics, sufficiently 
clear, and yet sufficiently compendious to exemplify the 
method of reasoning employed in that science, and to impart 
an accurate knowledge^'of the most useful fundamental 
propositions with their application to practical purposes." 
I do not flatter myself that this brief compend will be thought 
fully adequate to supply even in this department, all the 
desiderata to which the above writer alludes, yet I could 
but be gratified after the work was nearly completed, to 
find that the views which guided me in its execution har- 
monized with the opinions of others distinguished as mathe- 
maticians and experienced as teachers. The author has 
aimed to present this treatise in the most condensed form 
which the nature and importance of the work would admit, 
well knowing that it is a great encouragement to the scholar 
to proceed when the end of the task is in view, and that 
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nothing is more diseouraging to a beginner, tban to be told 
that tbe branch of science he is^bout to learn extends to a 
great distance. The apparent kngth of the labor sets pro- 
ficiency at so distant a Tiew, that their limited time seems 
altogether too short to accomplish the desfired object, and 

if the natural desire and thirst for knowledge be thus nipped 
in the bud by such an unneccessary view of the 'subject, it 
will be exceedingly difficult afterwards to make any one 
apply diligently and cheerfully to the study. 

As a school book, it is adapted to lead the mind, and to 
encourage by rules given in terms which it is believed the 
scholar can easily comprehend ; and even those who have 
not had an opportunity of devoting their time to the study 
of mathematics will, it is presumed, with the aid the follow- 
ing pages will afford them, be able to perform their part 
with propriety in this branch of mathematics. 

As my design in the publication of .this work was not 
originality of materials^ but rather a plan, arrangement and 
execution adapted to general use, I have freely consulted the 
valuable works of Day, Hutton, Gregory and Legendre, 
authors whose works ought to be examined in the prepara- 
tion of a compend like this 3 and I freely acknowledge my 
indebtedness to their labors, for many valuable ideas. I 
am aware of the great difficulty of preventing errors from 
creeping mto a work of this kind ; and should it be found 



10 ecntein iiBpeifeetion8» tlioie who may make the discoid* 
eriet ar» teqMctfidljr sdieited to Ibnraid any eommunica- 
tioos or anendments, to the authoTi which to them may 
appear necessary to make the work complete. Should a 
second edition of the work be called for, the author will 

fivni^ a Section on Cask Gauging. 

J. M. SCRIBNEIL 

Aubum» April, 1844. ^ 
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UNITED STATES WEIGHTS AND MEASURES. 



LONG MEASURE. 
For Measuring Length without regard to Breadth. 



3 barley corns make 1 inch. 
12 inches 1 foot. 

6 feet 1 faihota. 

3 feet 1 >ard. 

54 yards or 16 J feet 1 rod or pole. 
40 rods or 220 yards 1 furlong. 



8 furlongs make 1 mile. 
3 miles 1 league. 

694 statute miles 1 degree. 
60 geographic miles 1 degree. 
360 degrees 1 great circle 

of the earth's circumference. 



CLOTH MEASURE. 
This Measure is used for measuring Goods sold by the Yard, Elh ^c 



2^ inches make 
4 nails 
4 quarters 



1 nail. 
1 quarter. 
1 yard. 



2 quarters make 1 Flemish el . 

5 quarters 1 English el. 

6 quarters 1 French ell. 



SQUARE MEASURE. 
144 square inches make 1 square foot. 

9 *« ftet 

272^ " feet 

40 " rods 



u 

it 
It 
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1 " yard. 

1 <« rod, perch, or pole, 

1 « rood. 

1 <• acre. 

1 square mile. 



4 « roods 
640 " acres 
NoTE.-By this measure land and Artificers' work are computed; 
also boards, pavements, plastering, painting and every dimension of 
length and breadth only. 

CUBIC OR SOLID MEASURE. 
1728 cubic inches make 1 cubic foot. 



46666 
27 
50 
40 
42 
16 
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27 cubic feet, 
feet *' 1 cubic yard. 
« of round timber make 1 ton. 
»« of hewn " " 1 ton. 

" of shipping" " ^ ^^'^^ . 

^^ tt 1 cord foot. 



Q tt tt " i cora looi. 

8 cord feet or 128 cubic feet « 1 cord of wood. 






WEI6HJ8 AND XXASCTaES. 



MISCELLANEOirS. 

1 ehaldroii=s36 bashels or 57.25 cubic feet. 
Dry gallon of New York 276.48 cubic inches* 
1 perch of stone 24.75 cubic feet. 



MEASU^RES OF CAPACITY. 
Wute Meattir9, 



4 gills make 


1 pint. 


2 pints 


1 q^iiart. 


4 qnarts 


1 gallon. 


31^ gallons 


1 barrel. 



42 gallons make X tierce^ 

iS3 << I hogshead. 

Z hogsheads 1 pipe or butl.. 

Z pipes I ton. 



2 pints make 
4 quarts 
9 gallons 
2 ferkins. 



ALB AND BEER MEASURE. 



Me, 



1 quart. 
1 gallon. 
1 ferkin. 
1 kilderkin. 



2 kilderkins make X barrel. 

36 gallons 1 barrel. 

54 *' 1 hogsheads 

2. hogsheads. 1 butt. 



Ste%* 



35| cubic inphes. = 1 pint. 
701 " « ^ 1 quart. 

282 « ''• = 1 gallon. 



NoTB.— -The dry gallon contains 268| cubic inches ; The wine gal- 
lon contains 231 cubic inches ; The beer gallon contains 282 cubic in- 
ches ; Hence 14553 cubic inches =^ 1 hogshead of wine, and 15228 
cubic inches = 1 hogshead or Beer. The same standards continued 
in use in Great Britain as late as the year 1826, when the Act of Par- 
liament for " Uniformity of Weights and Measures" came into operar 
tion, by which the Imperial gallon of 277.274 cubic inches was substi- 
tuted for the dryf beer, and wine gallon. 



AVOIRDUPOIS WEIGHT. 
Btf t^5 are weighed hay, grain, groceries and all coarse artieles. 



4 quarters make 1 cwt. 
20 cwt. 1 ton. 

1 lb. = 14 oz 11 dwt. 16 gr. troy. 

= 1 lb. avoirdupois. 

= 1 lb. troy. 

= 144 lbs. avoirdapois. 

= 192 oz. « 

= 1 oz. « 

= ..82281b. « 

Formerly 28 pounds were reckoned for a quarter, making 112 pounds 
to the huudr^i bat the law and practice have made it nearly obsolete. 



16 drams make 1 ounce. 
16 ounces 1 pound. 

28 pounds 1 quarter. 

7000 |roy grains 

5760 " " 
175 « pounds 
175 " ounces 
437i *' grains 
1 " pound 



TROT WBIOHT. 

By this weight are weighed Oold^ SUteff Jewelrf andf aU Lifmn, 

24 grains mak« 1 pennyweight. 

20 pennyweights 1 ounce. 

12 ounces 1 pound. 

Note. — An ounce of Gold is divided into 24 equal parts called carats^ 
Hud an ounce of silver into 20 parts called pennyweights ; therefore to 
distinguish fineness of metals, such Gold as will abide the fire without 
ioss, is accounted 24 carats fine. If it lose 2 carats in trial it is called 
22 carats fine, &c. A pound of Silver which loses nothing in trial i« 
12 ounces fine ; but if it lose 3 pennyweights it is 11 ounces 17 penny- 
weights fine, &c. 

DRY MEASURE. 
Fmr dry- goods, as fritiu grairij seeds, ^c. 



2 pints make 1 quart. 

4 quarts 1 gallon. 

8 quarts 1 peck. 

4 peckft' 1 bushel. 



36 heaped bush, make 1 chaldron oi 

coals. 
8 bushels 1 quarter. 

5 quarters 1 load. 



ENGLISH DR-S" OR CORN MEASURE. 



"Cable tftehea. 




Pint. 


€^on. Pe< 


34i 


zs 


1 




2724 


33 


8 


«i 1 


544il 


=3 


16 


s* 2 => 1 


2178 


-s 


64 


=» 8 =t 4 



fc 1 Winchester bushel. 

Note. — A heaped bushel is nearly \ more. The Winchester bushel 
so called because the standard measure was kept at Winchester) is 
8^ inches diameter, and 8 inches desp. But if tb<3 com gallon con- 
tains only 268.8 cubic inches, the measure will be as follows : 
Cubic Inches. Pint, doart. Qalkm. Peck. 



t 



33.6 =: 1 






67.2 = 2 


=s 1 




268.8 s: 8 


= 4 


= 1 


537.6 = 16 


= 8 


= 2 » 1 


2150.42 = 64 


= 32 


^ % ^ \ 



! 1 Winchester bushel.^ 

Note. — The statute bushel is the Winchester y and contains 2150.42 
cubic inches ; but the number is supposed to vary in different states. 
In Connecticut it is- 2198 which is 47.58 cubic inches larger than the 
Winchester bushel. The statute bushel of the State of New York con- 
tains 2211.84 cubic inches or 80 lbs. of pare water at a maximum den- 
sity. A proposition has recently been made to the states by Congress 
for an uniform standard of Weights and Measures, but it has not yet 
been gene^lly adopted. 

The Imperial measure of capacity for coals, lime, potatoes, corn ia 
the ear, fruit, and other goods commonly sold by heaped measure^ is of the 
following dimensions. 

I '"^r = 1 fiei Z 2'8?5i i -"ie inches nearly. 



XIV. 



wsiGffrd ANi> aBAdimit. 



The cone formed above the rim of the bashel should not be less than 
6 inches. The outside diameter of the measare used for heaped goods, 
is to be, at least, double the depth ; and consequently not less than the 
following dimensions : 



DTMENSIONS OF THE BUSHEL. 

19^ inches =3 outside diameter. 
IdJ " ax inside 
8 " = depth. 



(( 



Or, to have the bashel contain the same amount even with the rim, 
let its dimensions be 19^ mches inside diameter, and 9.43 inches deep. 



24 sheets 
20 quires 



PAPER. 

1 
1 



quire. 

ream =s 480 sheets. 



SIZES OF DRAWING PAPER. 



Wove Antique 52 by 31 inches I Imperial 29 by 21J inches. 

TT«^t« C««vi AQ Kv 190 K Snnop nrknol 97 \xtT 1Q a 



Uncle Sam' 48 by 120 
Double Elephant 40 by 26 
Emperor 40 by 60 

Atlas 32 by 26 

Colombier 33| by 23 

Elephant 27| by 23^ « 
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Super Royal 27 by 19 



Royal 
Medium 
Demy 
Cap 



24 by 19 

22 by 18 

19 by 15J 

13 by 16 



RELATIVE MINT VALUE OF FOREIGN GOLD COINS. 



By Law of Congress, August, 1834. 



Coins. 



Brazil, 


1 Johannes 


(( 


1 Dobraon 


li 


1 Dobra 


a 


1 Moidore 


11 


1 Crusado 


England, 


1 Guinea 


n 


1 Sovereign 


France, 


1 Double Louis (1786) 


It 


1 Double Napoleon 


Columbia, 


1 Doubloon 


Mexico, 


1 Doubloon 


Portugal, 


1 Doubloon 


<€ 


1 Dobra 


ti 


1 Johannes 


C( 


1 Moidore 


K 


1 Milrea 


Spain, 


1 Doubloon (1772) 


tc 


1 Doubloon (1801) 



Weight. 

Pwi. Or. 

18 



(( 



1 Pistole 



34 


12 


18 06 


6 22 





16| 


5 


9^ 


5 


H 


10 


11 


8 


7 


17 


8i 


17 


H 


34 


12 


18 


6 


18 




6 22 




19| 


17 


84 


17 


9 


4 


3i 



Value. 

$17,068 
32.714 
17.305 
6.560 
.638 
5.116 
4.875 
9.694 
7.713 
15.538 
15 538 
32.714 
17 305 
17.068 
6.560 
.780 
16030 
15.538 
3.883 
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MINT VALUE OF FOREIGN COINS. 



England, 


1 SbiTTiDg 


Fkancs, 


5 Francs 


ti 


1 Soas 


Austria, 


1 'Crowii, or rix dollar 


« 


1 Ducat 


Prussia. 


1 Ducat 


Russia, 


1 Ducat = 10 rubles 


(C 


1 Ruble 


SWBDEN; 


1 Ducat 


$( 


1 Rix dolhr 



•10.244 
= 0.935 
= 0.0093 
= 0.97 
^ 2.22 
= 2.202 
: 7.724 
0.748 
: 2.19 
: 1.08 



AMERICAN STANDARD OF MONEY. 



GOLD. 

Eagle valeted at $10 
Half Eagle valaed at $5 
Quarter Eagle valued at S2,50 

23.2 gfrains of pure Gold = SI. 00 
United States Eagle till 1834 ^ $10,668 

SILVER. 
Dollar 
Half Dollar 
Quarter Dollar 
French crown at one dollar ) 
eighteen cents j; 



Weight. 

Pwt, Gr. 
It & 

5 15 
2 19i 



17 7 
8 16 
4 4 

18 17 



■EXPLANATION OF CHARACTERS USED IN TfflS WORK. 

There are various characters or marks used in Arithme- 
tic, to denote several of the operations and proportions, the 
chief of which are as follows : 

= Eqtud^ The sign of Equality ; as, 100 cents 

=« ^1, signifies that 100 cents are 

equal to one dollar. 
Minus f or Less^ The sign of Subtraction ; as, 8 — 2-= 

6 : that is, 8, less 2, is equal to 6. 
+ Plusy or Jlfore, The sign of Addition ; as, 4+5=9 : 

that is, 4, added to 5, is equal to 9. 

X Multiply hyy . . The sign of Multiplication ; as, 6x6 

«-36 : that is, 6, multiplied bj 6, is 
equal to 36. 

-r- Divided 6y, . . • The sign of Division ; as, 12h-3=«4 : 

that is, 12, divided by 3 is equal to 4. 

The signs of proportion ; an, 2 : 4 
: : 8 : 16 : that is, as 2 is to 4, 
so is 8 to 16. 

7 — ^2+5=10 .... Shows that the difference between 7 

and 2, added to 5, is equal to 10. • 

32 Signifies that the square of 3 is re- 
quired; as, 3x3=9. 

4» . . . , Signifies that the cube or third power 

of 4 is required ; as, 4x4x4=64. 

^ Prefixed to any number, signifies that 

the square root of that number is 
required ; as, \/9=3. 

^ ^ Prefixed to any number, signifies that 

the cube root of that number is re- 
quired i^ as, v^64='4. 
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SUPERFICIES AND SOLIDS. 



SECTION I. 

• ' ' - ■ ■ / ' 

llEMSVfiATION OF SVRFiCES. 

Aet. h M£Nstrit4TioN is that branch of Mathematics by 
'which we ascertain the contents of superficial areas ; the 
extension, solidities and capacities of bodies; and the 
lengths, breadths, &c, of various figures, either collectively 
or abstractly^ 

The Mensuration of Solids is divided into two parts : 
I. Mensuration of the surfaces of solids; 
11. The mensuration of their solidities. 

In order to form correct estimates of the extent of surfa- 
ces and solids, various rules have been adopted, most of 
which, the most valuable and useful in practice, will be 
found accompanying their respective problems in the fol- 
lowing work. 

The surfaces or capacities of regular solids are readily 
calculated, but more intVicacy attends the calculations of 
the surfaces and solid contents of many irregular bodies, as 
of frustrums, of pyramids, cones, &c. 

With the following treatise before him, the student or 
the mechanic may speedily perform all the calculations that 
ordinarily occur in the practical detjpils of his businessL 
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AMiougfa Mensuration invokes a knowledge of the ele^ 
menis of Geometry, yet it is not the object of this work to 
treat of that science at large* We shall therefore confine 
our exercises in this treatise to those measurements which 
will be most likely to prove beneficial to various classes 
of society, and especially to the operative iiiei^mmc, in the 
ordinary details of his business. 

DEFINITIONS. 

Art. 2. The following definitions, which are similar in 
substance to those found in Euclid, are here inserted for the 
convenience of reference, and to assist those who may be 
ignorant of Geometry in acquirmg some knowledge of that 

science. 

I. Fcmr-sided figures are yariously named, according to 
their relative position and length of their sides.* 

D 1 C 

1. A Parallelogram has its op- 
posite sides parallel and equal ; as, 
JiBCD, (fig. 1.) 




2. A Rectangle, or Right Parol- ^ 
lelogram has its opposite sides equal, 
and all its angles right angles; as 
JBCD, (fig. 2.) • A 



3. A Sqmre is a figure whose sides are 
of equal length, and all its angles right 
angles; as, •>3jBCi), (fig. 3.) 









B 

C 



4. A Rhomboid has its opposite ades 
equal, and its angles oblique ; as, MBCD 




5. A Rfiojnlms is »n equilateral 

rhomboid, having all its sides equal, 
but its angles oblique ; as, ABCD, 
(fig. 5.) 



6. A Trapezoid is a quadrilateral 
figpire, having only two of its sides 
parallel. The base of a figure is the 
side on which it stands, and the al- 
titude is the perpendicular distance I 
between its two paraliei sides. Thus, 
AB is the base, and cp the height / 
of the trapezoid, (fig. 6.) Anyother/ 
four-sided tij^ure is called a Trape- A 
Slum or Quadritaieral. 

II. When figures have more than four sides, they are 
classed under the head of Polygons. These again receive 
other particular names, accordbg to the number of their 
sides or angles. 

A regular Polygon has ail its sides and angles equaU 
A Pentagon is a regular Polygon of five sides ; a Hexagon 
hassix sides; a Heptagon has seveg sides ; an Octagmtbss 
eight sides; a Nonagon has nine sides; a Decagon has te* 
■ides; an Undecagoo has eleven sides : and a Dodecagon 
has twelve sides. ■ 
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in. A figure of three sides and angles is called a Trwrn- 
ghf and receives particular denominations from the relatione 
of its sides and angles. 



1. An equilateral triangle is that whose 
three sides are equal ; as, ABCy (fig. 7.) 



2* The height of a triangle is the length of a perpendi- 
cular drawn from one of the angles to the opposite side ; 
as, Cfj (fig. 7.) 

The height of a four-sided figure is the perpendicular 
distance between two of its parallel sides ; as. Dp, (fig. 1.) 

IV. The areay or superficial contents of any plane figure, 
is the measure of the space contained within the lines by 
which the figure is bounded. 

In calculating the area or the contents of any plane fig- 
ure, some particular portion of surface is fixed upon as the 
measuring unit^ with which the figure is to be compared. 

This is commonly a squarCy the side of which is the unit of 
length, being an mcA, or a foot^ or a yarrf, or any other 
fixed quantity, according to the measure pepuliar to diflfer- 
ent artists. 

The same holds true, also, when the figure is a square. 
So, the area of the rhombus or rhomboides is equal to that 
of a parallelogram of the same base and altitude. 

Hence, the square fopt, yard, &c., may be of any shape 
whatever, provided the foot contains 144 squares, each 1 
inch square, and the yard 9 squares, each 1 foot square. 

And hence, the area or quantity of surface contained in 
a figure, is said to be so many square inches, square feet, 
or square yards. ' H^ 
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For the same reason, determinbg the quantity of surface 
in a figure is called squaring it ; that is, determining the 
jEjquare or number of squares to which it is equaL 

Thus, if the figure to be measured be the D 
square JiBCD^in the adjoining figure, and 
the Uttle square £, whose side is one inch, 
be the measuring unit fixed upon, then as 
often as the. square e is contained in the 

whole figure, so many square inches it is 
said to contain, which, in the present case, a . — ^ 
we find to be 1ft. Again : supposing the LLI 

figure to contain 4 square miles of land, then 4 miles square 
of land would be 4 times 4, or 16 square miles, making a 
difference of 12 square miles, (fig. 8.) 

The fundamental problem in the mensuration of super- 
ficies, is the very simple one of determining the area of a 
right parallelogram, as has been shown above^ The con- 
tents of other figures may readily be obtained by finding 
parallelograms which are equal to them* 

If the parallelogram be divided into ^ ^ ^ 

small parallelograms, by drawing lines 
as shown in the subjoined figure, it is e 
obvious, on inspection, that the num* Ac B 

ber of the little parallelograms must always be equal to the 
product of the length and breadth. If we count the paral- 
lelograms in the upper row of this figure, we find the numr 
ber to be 4 ; in two rows, twice 4, or 8 ; in three rows, 
three times 4, or 12. Hence, to obtain the number of small 
parallelograms, ce, contained in the large parallelogram, 
ABCDy we have only to multiply the number of such small 
parallelograms contained in the $ide|^J3, into the numb^ 
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of midi contained in the ade J5C, which, in the present case, 
we find to be, 4x3=* 12. 

Art. 3. The superficial unit is generally called by the . 
same nani^e as the linear unit, which forms the sides of the 
square. If the side be an inch, it is called a linear inch ; 
the side of a square foot, a linear foot ; the side of a square 
rod, a linear rod 5 and so of any other fixed quantity. It 
should be remarked, however, that there are some superfi- 
cial measures which have no corresponding denominations 
of length with which to compare them. For instance, the 
acre is not a square which has a line of the same name for 
its side. 

Hence, the utility of the following Tables, which con- 
tain the linear measure, in common use, with their corres- 
ponding square measures. 



Linear Measure, 


Square Measure. 


12 inches =* 1 foot. 


144 inches *« 1 foot. 


3 feet ■=- 1 yard, 


9 feet '^ 1 yard. 


6 feet = 1 fathom, 


36 feet e« 1 fathom. 


16 J feet =lrod. 


2721 feet « 1 rod. 


5J yards = 1 rod. 


30i yards = 1 rod. 


4 rods » 1 chain. 


16 rods F= 1 chain. 


40 rods = 1 furlong. 


102400 rods « 1 mile. 


320 rods « 1 mile. 





By reducing the denominations of square measure, it wiH 
readily be seen that 

1 square mile =640 acres= 102400 rods=«27878400 ft. 
1 acre«10 chains- 160 rods-43560 feet. 

From what has been already shown, we learn that mul- 
tiplying the length of any square or parallelogram by its 
breadth, will give it9 square measure, or as it is sometimes 
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called, its square contettts, as will be seen in the demoiM^a- 
tion of the following problems. 

PROBLEM I. 

Tafind the area of a FoW'-sided Figure^ whether it he a par- 
allelogram, square, rhombus, or rhomboid. 

Art. 4. Ride. — Multiply the length by the breadth or 
perpendicular height, ^nd the product will be the area. 

It is manifest that the number 
of square inches in the parallelo- 
gram .^fCi) is equal to the num- 
ber of linear inches in the length 
•dB^tdken as many times as there 
are inches in the breadth BC. 
To obtain, then, the number of 
squares in the large parallelo- 
gram, we have only to multiply the number of squares in 
one of the small parallelograms ( jJjBcrf,) by the number of 
such parallelograms contained in the whole figure. Now, 
the number of square inches in one of the small parallelo- 
grams is 9, and the number o{ linear inches in the breadth 
BC is 7. Therefore the product of the length into the 
breadth is 63 square inches. It is therefore said concisely, 
that the area of a parallelogram is equal to the length mul- 
tiplied into the breadth. 

Example L How many square feet are there in a floor 
23j feet long and 18 feet broad I 

23.5 
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OPERATION. 18.0 



188.00 
285 



Or thus, 23|X 18»423, Jns. 



Ans. 423.00 
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Et« 2. What is the area of a parallelogram whose length 
is 12 feet 3 inches, and whose breadth is 8 feet 6 inches ? 

Ms. 104.125. 

Ex. 3. How many square feet are« there in the four sides 

of a room which is 22 feet long, 17 feet broad, and 11 feel 

high? 

22 feet^Iength of one side. • 
11 feet»height of one side. 

242»square feet in one side. 
2 

484=square feet in two sides. 

Again, 17 feet=Iength of the short side. 
And 11 feet=height of the short side, 

I87=*=squar€ feet inthe short si4e. - 
2 



374=» square feet in both short sides. 
Then, 484+374=858 ^g.j«. .>3fwr. 

Note. — The very convemeat Arithmetical rule of Daodecimals should 
be thoroughly learned, (and it may be in a few hours of close applica- 
tion,) by every one who would make progress, in Mathematical science. 

Ex. 4. How many feet of glass are contained in a win- 
dow 4 feet 11 inches high and 3 feet 5 inches broad 1 

Jlns. leji. » 7". 

Note.— When the dimensions are given in feet and inches, the most 
convenient way of performing the operation is by the Arithmetical rule 
of Duodecimals, in which each inferior denomination is one-twelAh of 
the nert higher. 

Ex. 5. How many square yards of painting are there in 
a rhomboid, whose length is 37 feet, and height 5 feet 3 
inches I 
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' Ft. w. Or thus, 

Thus, 37 0' 37 feet=« 444 inches. 

6 3' 5ft.3in.« 63 " 



185 0' 1332 

9 y 0* 2664 



9sq. rt=l sq. yd. 9)194 3' 0* 1296)27972(21/, 

Ans. 21/2- 21 r Of' ^^^^ 

2052 
144 sq. m.«:l sq. ft. and 9x 144=1296. 1296 

Ex. 6. Herodotus estimated the largest and most re- 
markable of the Egyptian Pyramids to be 800 feet square 
at the base. Now, how long a road, 4 rods wide, would 
occupy as much land as the base of the pyramid ? 

Atis. 1 mile^ &fur, 27 ys^ rods. 

Art. 5. We have already seen that the area of any par- 
allelogram is obtained by multiplying the length into the 
breadth. Now, if the area and one side of any parallelo- 
gram be given, the other side may be found by dividing the 
area by the given side. So, also, if the area of a square be 
given, either side may be found by extracting the square 
roof of the given area. This is merely reversing the rule 
in Ayt. 4, where a given side is squared. 

Ex. 1. What is the width of a street 12 rods long, which 
contains 40 square rods ? 

40-T-12=3^ rods, or 55 feet, Jm. 

Ex, 2. WTiat is the side of a piece of land containing 
1681 square rods ? Ahs. 41. 

Ex. 3. How much carpeting 1 yard wide will cover a 

floor 18 feet long and 16i feet wide ? 

18x 16^=297 square feet. 

9 sq. ft.=l sq. yd. and 297-5-9=33 yds. 
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Ex. 4 If a it)om be 16 J feet wide and 18} feet long, 

how many yards of carpeting will cover the. floor, allowing 

for a chimney 3 feet wide and 4 j feet long ? 

16ixl8J=305}j 305J-9=33jJ 
3x4^-131 131-9- 1t-«j 

32^, Ans. 
Ex. 5, How many pieces of paper that are ^ yard wide 
and 9 yards in a piece, will it require to paper a room 16 
feet wide, 18 feet long, and 11 feet high, deducting for 
three doors, 7 feet 8 inches high and 4 feet 2 inches wide ; 
also, two windows, 7 feet high and 4 feet 2 inches wide, and 
one fire-place, 6 feet long and 5 feet high ? Ans. 13|. 

NoTB.--First find the whole contents of the room as if there were no 
. windows and doors ; then find the contents of the windows and doors, 
and deduct the amount from the whole : the remainder will be the true 
answer in square feet. Next, divide the number of square feet by the 
number of square feet in a piece, and the quotient will be the number 
of pieces required. 

Ex. 6. What is the side of a square which is equal to a 
parallelogram 938 feet long and 104 feet broad ? 

Jlns.SU. 

Ex. 7. What is the side of a piece of land containmg 
169 square rods 1 Ans. 13. 

PROBLEM n. 
To find the area of a Triangle. 

A BT.6. Rule. — Multiply the length of one of the sides 
by the perpendicular failing upon it, and half the product 
will be the area. Or multiply half the side by the perpen- 
dicular. 

NoTB.— In a right angled triangle the longest side is called the Ay- 
potenusif the next longest the bastj and the shortest side the perptndi' 
tidar. 
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The truth of this rule is eviJent, because any triangle is 
half of a parallelogram of the same base and altitude. 

Thus, the area of the right D C 

angled triangle JiBC, contains 
precisely half as much surface 
as would be contained in a 
square or parallelogram ^JBCiJ: 
two of whose sides are formed 
by the base and perpendicular^ 

of the triangle. Therefore, the A B 

area of a right angled triangle is found by multiplying to- 
getBer half ihe base JlB and the perpendicular BC, or th* 
side ^B by half of BC. 

And whatever may be the 
form of a triangle, if it have 
not a right angle, it must be cut 
into two rightangled triangles 
before it can be measured. 
This is done by letting fall a 
perpendicular from the opposite angle to the base, as CP 
in the subjoined figure, and then the area is found as befor« 
stated. 

Ex. 1. What is the area of a triangle whose base is 20 
feet, and altitude 10.25 feet 1 Ans. 102.5 sq. Jl. 

. Once more : The area of the tri- 
angle -ABC is precisely half of the 
parallelogram ^BDF ; for the sur- 
face contained in the right angled tri- 
angle ^PC is precisely equal lo the 
surface contained in the right angled 
triangle CFJ, and bo BPC=CVB. 
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Ex. 2. What is the area of a triangular board, whose 
base is 4 £eet 3 inches, and height 2 feet 11 inches 1 

FT. IW. 

4 3' 

OPEEATION. 2^ ir 



8 6^ 
3 10' y 

Jns. 12 4' 9" 

Ex. 3. What is the area of a triangle whose base iar 18 
feet 4 inches, and height 11 feet 10 inches ? 

^ns. 108 ft. 5| in. 

Ex. 4. How many square rods of land are there in ^ lot 
which is laid out in a right angled triangle, the base mea- 
suring 19 rods, and the perpendicular breadth 15 rods ? 

Ans. 142.5. 

Ex. 6. Find the number of square yards in a triangle 
whose base is 40 and altitude 30 feet. Ans. 66| sq. yds. 

Ex. 6. What is the area of a triangle whose base i& 72.7 
yards, and altitude 36.5 yards ? 

Atis. 1326.775 sq. yds. 

Art. 7. If the three sides of a triangle are given, the 
area may be directly obtained by the following method : 

To find the area of a Triangle from the length of its sides. 

Rule. — T. Add together the lengths of the three sides> 
and take half their sum. 

11. From this half sum .subtract each side separately. 

HI. Multiply together the half sum and each of the three 
remainders, and extract the square root of the product; 
the quotient will be the requ'ured area of the triangle. 
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El. 1. tftbesldesofatnaDgleare 134.108 and 80 rods, 
vhat is the area 1 ■ 

OFEKATKBI. 

134 161 161 16t 

108 134 108 80 

. _^ ~27lBtr«n. ~632drein. "^Sdrem. 

8)322 

161 half sum. 

Then to obtain the products, we have 161x27x53x81 
-18661671: from which we find area=w' 1866 167 1,-43 19 
square rods. 

Ex. 2. What is the area of a triangle whose thte^ sidea 
are 52, 39 and 65 feet 1 ^ns. 1014 jq./l. 



An Isosceles Triangle is that wliich has 
only two sides equal ; as ^BC in the adjoin- 
ing figure. 



Ex. 3. What b the area of an isosceles triangle whose 
base is 20, and each of the equal sides 15? ^ns. 1 11.803. 
• Ex. 4. How many square yards of plastering are there 
in a triangle whose sides are 30, 40, and 50 feet 'I 

^ns. 665 sq. yds, 

Es. 5. Required the area of a triangular field, whos« 
udes are 49, 50^, and 25.69 chains? 

Ans. 61^,1 K. 39.68 P. 
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Art. 8. To Jmd the Hypotenuse of a right (mgled TrMm- 
gkf when the base and perpendicular are known. 

L Square each of the sid^ separately. 

IL Add together these squares. 

ni. Extract the square root of the sum, which will be 
the hypotenuse. 

One of the properties of a right angled triangle is, that 
the square of either side is equivalent to the square of the 
hypotenuse diminished by the square of the other side ; and 
the square of the hypotenuse is equal to the sum of the 
squares of the other two sides, usually called the legs of the 
triangle. This property is of great use, for by this means 
any two sides of a triangle being given, the other may be 
found by common Arithmetic. 

Thus, in the right angled triangle 
j3J?C, the perpendicular BC and the base 
^B being given, the hypotenuse AC 
may be found by extracting the square 
root of the sum of the squares of the 
base and perpendicular. ^ ^ 

Ex. 1. Let JlB be 18 feet 8 inches, and BC 12 feet S 
inches. 

FT. IN. FT. I!f. 




18 8 
18 8 

1504 
1504 
188 

353^ 



12 6 
12 6 

~758 
262 
126 

lL5a76 



Then, 353.44=»sq. of base, 
158.76==sq. of perp. 

512.20 



From which we find the bypotenuse=:^5 12.20=22.63+ 

NoT8.— We first square each side, and then take the sum, of wbieli 
we extract the square root, which gives AJB=22.G3» 



Ex. 2. The vfzW of a building on the bank of a river ii 

120 feet high, and the breadth of the river 210 feet : what 

is the length of a line which will reach from the top of tha 

wall to the opposite bank of the river ? 

^ns. 241.86^. 

Art, 9. To find one of the Legs vshen the Hypotenuse and 

the other Leg are knovm*, 

Rule. — Subtract the square of the leg whose length is 
known, from the square of the hypotenuse, and the square 
root of their diflference will be the answer. 

Ex. 1. UJIC (Prob.2)=70 feet, and jBC=60 feet, what 
will be the length of the side JIB ? 

OPERATION, 

We first square the hypote- 
nuse and the given side, and 
extract the square root of their 

difference. 

^JB=v^l300-36.05. 

Ex. 2. The heig^ht of a precipice on the bank of a river 
is 103 feet, and a line of 320 feet in length will just reach 
from the top of it to the opposite bank ; required the breadth 
of the river. Ans. 302.97 Ji. 

Ex. 3. The hypotenuse of a triangle is 53 yards, and 
the perpendicular 45 yards; what is the length of the 
base 1 Ans. 28 yds* 

Ex. 4. A ladder 50 feet in length will reach to a wm- 
dow 30 feet from the ground on one side of the street, and 
by turning it over to the other side, it will reach a window 
40 feet from the ground ; required the breadth of the street 

Ans. 70 /L 



70=4900 
60«3600 

Diff « 1300 
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Abt. lOi If the area of an Equilateral Triangle he given, 
the sides may be obtained by the /oiloiomg 

Rule. — Divide the area by the decimal ,433013, and ex- 
tract the square root of the quotient : the result will be the 
length of one side. 

Ex. 1. The area of an equilateral triangle is one square 
chain: how many feet long is one side ? 

Am. 10(129/1 



PROBLEM m. 
To Jmi Uie area of a Trapezium. 

Art. 11. Rule. — Divide the trapezium into triangles by 
drawing diagonals ; and the sum of the areas of these tri- 
angles will be the area of the trapezium.^ 

B 

Ex. 1. In the irregular polygon 
ABCDj ^C-24, and the perpen- 
dicular jBg^lO, and Db^Q-y re- ^ 
quired the area. 




NoTB. — A trapeziHm is an 
irregular figure of foiir nne- 
qaal sides and angles. 



AC =24 
of jBgr- 5 

120 



24 
iofDfc= 3 

'7f2 



And the area- 120+72= 192 

Ex. 2. Required the area of a trapezium whose diagonal 
is 78, and whose perpendiculars are 22 and 24. 

Ans. 1794. 

Ex. 3. What is the area of a trapezium whose diagonal 
is 42 feet, and the two perpendiculars 18 and 16 feet 1 
f Ans. 714 sq. ft. 
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Ex. 4» What is the area of a trapezium in which the di-* 
agonal is 320,75 chains, and the two perpendiculars 69,73 
chains and 130,27 chains ? Ans. 3207 A. 2 R. 



PROBLEM IV. 
2b find the area of a Trapezoid, ^ 

Art. 12. Rule. — Multiply the sum of the two parallel 
ades by the perpendicular distance between them, and half 
the product will be the area. 

Ex. 1. Required the area of the trape- p q 

zoid ABCDy having given .4B«321.61 / ~\ 

feet, DC^2U.M feet, and whose height / \ 
is 171.16 feet. A ^^ 

We first find the sum of 
the sides, and then multi- 
ply it by the perpendicu- 
lar height; after which, 
we divide the product by 
2 for the area. 



B 



OPERATION. 

321.51+214.24=535.75=the 
sum of the parallel sides. 

Then, 
635.75X 171.16=.91698.97, 

And, 
J1698.97^2«45849.485, An^. 



Ex. 2. How many square rods are contained in a field 
which ha& two parallel sides, 65 and 38 rods, and whose 
breadth is 27 rods ? Ans. 139.05. 

Ex. 3. Required the number of square feet in a trape- 
zoid which has two parallel sides, 46 and 38 feet, distant 
irom each other 27 feet. Ans. 1134 

Ex. 4. What is the area of a trapezoid whose parallel 
sides are 10.50 chains and 18.25 chains, and whose per- 
pendicular height is 16.80 ckains ? 

ilfw. 24 Jl. i?. 24 P. 
3 
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PROBLEM V. 

To find the area of a regular Polygon^ or any regular 

figure. 

Art. 13. Rule I. — Multiply one of its sides into half its 
perpendicular distance from the centre, and this product 
into the number of sides. 

It is evident, on inspection, that a regu- 
lar polygon contains as many equal trian- 
gles as the figure has sides. 

Thus, the adjoining hexagon has six tri- 
angles, each equal to ABC. Now, the 
area of ABC is equal to the product of 
the side AB into \ of CD, (Art. 6.) The area of the 
whole, therefore, is equal to this product multiplied into 
the number of sides. 

Ex. 1. Required the area of a regular hexagon, each 
of whose sides, ABy &c., is 45 feet, and the perpendicular, 
CDy 24 feet. 

We first multiply one sldei^ 
by \ of the perpendicular CD, 
and that product by the num- 
ber of sides: this gives the 




area. 



OPERATION. 

45xl2x6=3240/if. ^7M. 



Ex. 2. The side of a regular pentagon is 20 yards, and 
the perpendicular from the centre, on one of the sides, is 
13.76382; required the area. Arts. 688.191 sq.yds. 

Ex. 3. What is the area of a regular decagon whose 
sides are each 102 rods^ and |ierpendicular from the centre 
60 rods ? Ans. 30600. 



L 
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Ex. 4. Required the area of a regular decagon whose 
sides are each 87 feet, and perpendicular 28 feet 

Ans. 12180 sq.ft. 

To facilitate the measurement of polygons, the following 
Table is constructed, showing the Multipliers of the ten 
regular polygons, when the sides of each is equal to 1 : it 
also shows the length of the Radius of the inscribed circle. 



Number of 
sides. 


Names. 


Ana»orMuHj{)Kers. 


Bui. of inscrilMil eiielt 


3 

4 

5 

6 

"7 

8 

9 

10 

11 

i2 


Triangle,- 

Square,, 

Pentagon, 

Hexagon, 

Heptagon, 

Octagon, 

Nonagon, 

Decagon, 

Undecagon, 

Dodecagon, 


0.4330127 
1. 

1.7204774 
2.5980762 
3.6339124 
4.8284271 
6.1818242 
7.6942088 
9.3656404 
11.1961524 


0.2886751 
0.5000000 
0.6881910 
0.8660254 
1.0382617 
1.2071068 
1.3737387 
1.5388418 
1.20284.37 
1.8660254 



Now, since the areas of similar polygons are to each 
other as the squares of their homologous sides, if the square 
of the side of a polygon be multiplied by the multiplier of 
the like figure, the product will be the area sought. And 
hence we have, 

1' : tabular area, : : any side squared : area. 

By this table may be calculated the area of any other 
polygon of the same number of sides with one of these.. 
Hence, to find the area of any regular polygon, we have 
the following method, in addition to the rule already given : 

Rule 11. — 1. Square the side of the polygon. 

52. Multiply the square thus found by the tabular multi- 
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j&tx set opposite the polygon of the same number of ffldes^ 
and the product will be the area. 

Ex. 1. Required the area of a regular octagon whose 
side is 20 feet. 

OPERATION. 

20''=400 

And the tabular tnul- f ^4,8284271 
tipner or area ) 
Hence, 4.8284271x400=1931.3708400, Ans. 

EXfc 2. What is the area of a regular decagon whose 
side is 87 feet ? Ans. 58237.46. 

Ex. 3. The side of an undecagon is 40 : what is its 
area 1 Ans. 14986.024. 

Ex. 4. Required the area of a nonagon whose side is 
60 feet. Ans. 15464.66. 

Ex. 5. What is the area of a hexagon whose side is 25 
feet? ^ns. 1623.8. 

PROBLEM VI. 

To find the area of a long Irregidar Figure y bounded on 

one side by a straight line. 

AttT. 14. Rvle.^1. Measure the I> ^.-^-t— ^ 

breadths in several places, and at ) [ | j \ 
equal distances from each other. A B 

« 

n. Add together all the different breadths, and half the 
sum of the two extremes. 

III. Multiply this sum by the base line, and divide the 
product by the number of equal parts of the base. 

Ex. 1. The breadths of an irregular figure, at five equi- 
distant places, being 8.2, 7.4, 9,2, 10.2, 8.6, and the whole 
ilength 39, required the area. 
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8.2 35.2»8aiBu 

8.6 39 



S)16.8»sum of extremes. 3168 

8.4Umean of extremes. 

7.4 4 )13728 - 

102 "^i32,/Jn,. 

35.2 sum. 

Ex. 2. The length of an irregular figure being 84, and the 
breadths at six equidistant places, 17.4, 20.6, 14.2, 16.5 
20.1, 24.4, what is the area ? Am. 1550.64 - 

The length of an irregular figure being 37.6, and the 
breadths, at nine equidistant places, 0,4.4, 6.5,7.6,5.4,8, 
6.2, 6.5 and 6.1, what is the area 1 Ans. 219.255. 

Ex. 4. The length of an irregular field is 50 yards, and 
its breadths, at seven equidistant places, 5.5, 6.2, 7.3, 6, 
7.5, 7, and 8.8 yards, what is its area ? 

Ans. 349,916 sq. yds. 

Note. — If the perpendiculars or breadths be not at eqaal jdisUmces 
add them together, and divide their sum by the nunober of them, for 
the mean breadth ; then multiply the mean breadth by the length, an4 
the product will be the whole area not far from the truth. 

PROMISCUOUS EXAMPLES. 

1. What is the area of an equilateral triangle whose side 
is 20 rods? Ans. , 

2. Required the number of square yards in an equilateral 
triangle, whose side is 10 yards. Ans. 43.3. 

3. What is the area of a triangle whose base is 18 feet 
4 inches, and height 11 fe^t 10 inches ? J$ns. 108.5^ in. 
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4. How many square yards are there in a trapezium, 
whose diagonal is 48 feet, and whose perpendiculars are 16 
and 14 feet ? Arts. 

5. How many square rods in a trapezoid, whose parallel 
sides are 38 and 26 rods, and whose breadth or height is 
18 rods? Ans^ 

6. Required the area of an octagon, whose side is 22 
feet, and the perpendicular, from the centre on one of the 
sides, 12.478 feet. Aris. 

7. What is the area of a pentagon, whose side is 8 feet 
4 inches, and the perpendicular, from the centre on one of 
the sides, 4 feet ? Ans. 

8. If the length of an irregular figure be 43.5, and the 
breadths, at six equidistant places, be 4, 6.5, 6, 7.5, 8, and 
8.5, what is the area ? Ans. 

9. There is a triangular lot of land whose base, or long- 
est side, is 51-2- rods, and the perpendicular, from the oppo- 
site corner to the base, measures 44 rods ; how many acres 
does it contain 1 Ans. 

10. The length of an irregular piece of land being 21 
chains, and the breadths, at six equidistant points, being 
4.35, 5.15, 3^55, 412, 5.02, and 6.10 chains : required the 
area. Ans. 
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MENSURATION OF THE CIRCLE AND ITS PARTS. 
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DEFINITIONS. 

Art. 15.— 1. A Circle is a plane 
figure bounded by a curve line, call- 
ed the circumference, every part of 
which is equally distant from a cer- 
tain point within, called the centre j 
JIEBD (fig. 1) is a circle. 

2. A Diameter of a circle is a straight line, passing 
through the centre and terminating at the circumference ; 
as AB (fig. 1.) 

3. A Radius or Semi-Diameter is a straight line, extend- 
ing from the centre to the circumference ; as CA or CD 

(fig- 1-) 

4. A Semi'drcle is one half of the circumference ; as 
ADB (fig. 1.) 



5. A Quadrant is one quarter of the 
circumference; as, ^B (fig. 2.) 




6. An Arc is any portion of the circumference ; as AC 
B (fig. 3.) 
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7. A Chord is a straight line, which 
joins the two extremes of an arc; 
thus, ^B is a chord of the arc ACBj 
(fig. 3.) 



8. A Circular Segment is the space contained between 
an arc and its chord ; as, ACB (fig. 3.) The chord is 
sometimes called the hose of the segment. The height 
of the segment is the perpendicular from the middle of the 
base to the arc. ' 



9. A Circular Sector is the space con- 
tained between an arc and the two radii, 
drawn from the extremes of the arc : thus, 
C^BJjUg, 4) is a sector. 



1 0. A Circular Zone is the space 
contained between two parallel 
chords which form its bases ; thus, 
ABCD (fig. 5.) It is called the 
middle zone when the chords are 
of equal length. 



A 4 
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11. A Circular Ring is the 
space between the circumferen- 
ces of two concentric circles; 
thus, AB and DE (fig. 6) is a 
circular ring, having a common 
centre, C. 
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12. A Lane or Crescent is 
the space between two circu- 
lar arcs, which intersect each 
other ; thus, JWB and ACB 
(fig. 7) is a lune. 

An Ellipse or Oval is a curve line, 
which returns into itself like a circle, 
but has two diameters of unequal A 
length, the longest of which is called 
the transverse, and the shortest the 
iX)njugate axis ; thus, ABCD (fig. 8) is an ellipse* 



C 8 




PBOBLEM I. 

To find the txrcwmferefnce of a Circle whefa the diometer 

is given. 

Art. 16. Rvle I.— Multiply the diameter by 3.14159, 
and the product will be the circumference. Or, 

Rule n. — As 7 : 22 : : diameter to the circumference ; 
that is, Multiply the diameter by 22 and divide the product 
by 7. Or, 

Ride III. — Multiply the diameter by 355, and divide the 
product by 113. 

NoTB.— The learner may have the curiosity to enquire why we use 
the number 3,14159. or 3,1116, as is sometimes used, instead of any 
other number, by which \o multiply the diameier of a circle to find its 
area. It is the result of the efforts of the most distinguished mathema* 
ticians to Square the Circle. Archimedes made the earliest approxi- 
mation to the ratio of the circumference of a circle to its diameter. He 
demonstrated that the ratio of the perimeter of a re:;ular inscribed 
polygon of 96 sid^s, to the diameter of the circle, is greater than 
3-s-S^ : 1; and. that the ratio of the perimeter of a circumscribed polygon 
of 193 sideS; to the diameter, is less than 31^ : 1 ; that is, than 22 : 7. 
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Mains next folio wed, and gave the ratio of 355 : 113, which is a little 
more accurate than any other expressed in small numbers. 

"Sow, to sbow^ how they obtained these nnmbers, 
and how near they are to the truth, let us suppose the 
subjoined Dodecas^on to contain 1556 sides instead of 
12; we shall then have a regular polygon of 1556 
sides inKribtd in the circlCi and if another similar 
polygon be circumscriked about the circle, it may 
be demonstrated that the perimeter of the inscribed 
polygon is 6,2831788, and that of the circumscribed polygon 6,2831928. 
Now, the circumference of the circle being greater than the perimeter of 
the inscribed polygon, and less than that of the circumscribed, it must 
consequently be greater than 6,2831788, afid less than 6,2631928, and 
must therefore be nearly half their sum, which is 6.283 1 858. Hence,'the 
circuiiiference being 6,2831858, when the diameter is 2, it will be the 
half of that, or 3,1415928, when it is X ; to which the ratio, in the Bale, 
yis : 1 to 3,14159 very nearly. 




Ex. 1. What is the circumference of a 
arcle whose diameter EF is 24 feet 1 V / 




In this operation we sim- 
ply multiply the diameter, operation. 
24, by the number 3.14159, 24x3.14159«75.39816, 
and the product gives the which is the circumference, 
circumference. 

Ex. 2. What is the circumference of the earth, the diam- 
eter being 7930 miles ? ^ns. 24912.8 miles, 

Ex. 3. Required the circumference of a circle whose 
diameter is 73f. Jins. 231.6924. 

Ex. 4. What is the circumference of a circle whose di* 
ameter is 4Q feet ? Ans. 126.65. 
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I^OBLEM II. 

To find the Diameter of a Circle when the, circumference 

is given. 

Art. 17. Ht^el.-^Divide the circumference by 3. 14159, 
and the quotient will be the diameter. Or, 

Rvle 11. — Multiply the circumference by 7 and divide 
the product by 22. Or, 

Ride ni. — Multiply the circumference by 113 and divide 
the product by 355. 

Ex. 1. If the circumference of a circle be 14 feet 5 inch- 
es, what is its diameter ? 

We simply divide the • operation, 

circumference by 3.14159, 14 ft. 5 in.= 173 in. 

and the quotient, 4.21, is And 173-^3.14159=50.56 in. 
the diameter. which«4.21 ft. the diameter* 

. Ex. 2. If the circumference of the Sun be 2800000 miles, 

what is his diameter ? Ans. 891267 mUes. 

Ex. 3. What is the diameter of a cylinder whose circum- 
ference is 146.084 ? Jlns. 46.5. 

Ex. 4. What is the diameter of the Moon if her circum- 
ference be 6850 miles 7 Jins. 2180. 

Ex. 5. Required the diameter of a tree whose circumfer- 
ence is 51 feet. Ans. 21 inches. 

Art. 18. The same result may be obtained more conve- 
niently, by exchanging the divisor y 3.14159, for a multu 
pliery which will give the same answer. 

Now, in the proportion 3.14159 : 1 : : Circ. : Diam* 
the fourth term, may be directly found by dividing the 
second by the first, and multiplying the quotient into the 
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third. Thus, 1-^3.14159=0.31831. Therefore, if the cir- 
cumfer^ce of any circle be mttUiplied by the decimal 
.31831, the product will be the diameter. 

In many cases there will be a decided saving of labor by 
exchanging the divisor for a muUipliery as will be seen in 
the following example. 

Ex. 1. What is the diameter of a circle whose circum* 
ference is 50 ? 



As multiplication is more 
easily performed than divis- 
ion, the first method is de- 
cidedly the more preferable. 



^ OPERATION. 

50x.31831« 15.91550, Ans. 
Or thus, 
50-5-3.14159-15.9155+ 



Ex. 2. The circumference of a circle is 69.115 yards t 
what is the diameter ? Ans. 22 yds. 

Ex. 3, If the whole extent of the orbit of Saturn b« 
6650 million miles, how far is he from the Sun ? 

.^Tw. 899225750 miZe*. 

PROBLEM III. 

To find the area of a Circle when the diameter and dr-' 

cumference are both knovm. 

Art. 19. Rttle 1. — Multiply the square of the diameter 
by .7854. Or, 

Rtde II. Multiply the diameter into the circumference, 
and divide the product by 4; in either case the product 
will be the area. 

The area of a circle is equal to the product of the diam- 
eter ir.to the circumference. 

Now, we have just seen, (Art. 18,) that if the diameter 
be 1, the circumference will bf 3.14159, and one fourth of 
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this is 0.7854, nearly. Consequently, the area of any circle 
is found by multiplying the sqtiare of the diameter by .78541 
which is the area of a circle whose diameter is 1. 

Ex. 1. Required the area of a circle whose diameter is 
623 feet. 



IWe square the diameter, 
which gives us 388129, and 
this number we multiply into 
the decimal .7854, which gives 
the area. 



OPERATION. 

623=388129 

.7854 



1552516 
1940645 
3105032 
2716903 

304836^5166 Ans. 



Ex. 2. What is the area of a circular pond whose diam* 
eter is 40 rods ? 



8 



40=1600, and 1600x. 7854= 1256.64, Ant. 

* 

Ex. 3. What is the area of a circle whose diameter is 
33^25 inches 1 Ans. 868,30 ^9. in. 

Ex. 4. How many square yards are there in a circle 
whose diameter is 5 feet ? Am. 2.18. 

Ex. 5. Whatisthearea of a circle who^e diameter is 4.51 

Ans. 15.904. 

PROBLEM IV. 

To find the area of a Circle when the Circwmference only 

is given. 

Art. 20. Rtde, — Multiply the square of the circumfer- 
ence by the decimal .07958, and the product will be the 
area very nearly. 
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The truth of this will easily appear, by 
eonsidering that if the circumference of a 
circle be 1,* the diameter»0.31831, (Art 
18,) and J of the product of this into the cir- 
cumference is .07958, the area. But the 
areas of diflferent circles being as the squares of their diam- 
eters, are also as the squares of their circumferences. Con- 
sequently, the area of a circle is readily found, by multiply- 
ing the square of the circumference by .07958. 

Ex. 1. If the circumference of a circle be 136 feet what 
is the area ? 



We square the circumference, 
which gives us 18496, which, 
multiplied by the decimal. 07958, 
gives the area. 



OPERATION. 

136^ 18496 
.07958 



147968 
92480 
166464 
129472 

1471791168 Jhis. 



Ex. 2. What is the area of a circle whose circumfer- 
•cnceis 113? Jins. 1016.158. 

Ex. 3. How many square feet are there in a circle whose 
circumference is 10.9956 yards? , ^ns. 86.5933. 

Ex. 4. What is the area of a circle whose circumference 
is 67 ? Jlns. 357.234. 

Ex. 5. What is the area of a circle whose diameter is 
39.34 inches? Jins. 12A0.98 sq. in. 

Ex. 7. Required the area of the two ends of a cylmder 
whose diameter is 3 feet. Ans. 7.068 /i. 
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PROBLEM V. 

To find the area of a Circle when the Diameter only is 

known. 

Art. 21. Ride. — Multiply the square of th6 diameter by 
the decimal .7854, and the product will be the area. 

Ex. 1. What is the area of a circle \\rhose diameter is 
11 feet? 

OPERATION. 

ri=121x.7854=95.0334, jJ/w. 

£x. 2. What is the area of a circle \^hose diameter is 
8.75 feet? Jlns. 60.1320. 

Ex. 3. Required the area of a circle whose diameter is 
92.75 feet. Jns. 6756.436. 



PBOBLEM VI. 

To find the diameter of a Circle when the Area only is 

known. 

Art. 22. Rule. — Divide the area by the decimal .7854, 
and the square root of the quotient will be the diameter. 

This is just the reverse of the rule in Art. 19. 

Ex. 1. What is the diameter AB of a circle whose area 
if 380.1336? 



operation. 
380.1336-^.7854=484 



And v^484=22 



z 



B 



Ex. 2. If a horse be tied by the head with a cord fastened 
to a post, so as to be able to graze exactly two acres of 
meadow, how long must the cord be ? 

Ans. 10.0925 rds. 
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Ex* 3. There is a meadow of 10 acres in the form of a 
iqaare, and a horse tied equidistant from each angle or cor* 
ner ; what must be the length of the rope that will permit 
the horse to graze over every part of the meadow ? 

Ans. 28.284+ro&. 



Ex. 4. If the area of my garden be 95.033 square rods, 
what is the circumference and diameter of a circular garden 
of equal contents ? a S 34.557. circum. in rds. 

J J * 
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PROBLEM VII. 

To find the length of an Arc of a Circle y when the number 
of degrees which it contains and the Radius are known. 

Art. 23. Rule I. — Multiply the number of degrees in 
the arc by the decimal .01746, and that product by the 
radius of the circle. Or, 

Rule II. — As 3 is to the number of degrees in the are^ 
is «05236 times the radius to its length* 



Ex. 1. What is the length of an 
arc of 40 degrees, in a circle whose 
radius is 12 feet ? 



In this solution we 
simply multiply the giv- 
en decimal by the num* 
her of degrees, and that 
product by. the radius. 




OPEHATION. 

.01745X40X 12-8.37600, 

«=lti gth of the arc 
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Ex. 2. What is the length of an arc of 20 degrees, in a 
circle \vhose radius is 45 feet ? 

STATEMENT BY RULE H. 

As 3 : 20 : : .05236x46 : 15.708, Am. 

Ex. 3. What is the length of an arc containing 16 
degrees and 16 minutes, the diameter of the circle being 20 
yards? Arts. 6.32326. 

Note. — When the arc contains degrees and minuteSf as in the last 
example, redace the minates to the decimal of a degree, which is dona 
by dividing them by 60» 

The length of an arc is frequently required when only 
the chord and the height are given, in which case the length 
of the arc may be found by the following approximating 

Ride. — From 8 times the chord of half the arc, subtract 
the chord of the whole arc, and ^ of the remainder will b« 
the length of the arc, nearly. 

• 

Ex. 1. What is the length of an arc whose chord is 120, 
and whose height is 45 7 

OPERATION. 

120-5-2*60= J- chord of the arc. 
60'==36Q0 

45-2025 

r sum of the squares 



NoTB.— The chord of 
half the arc is equal to the 
square root of the sum of 
the squares of the height 
and half the chord of the 
vhole arc. 



5625*= ) of base and perpen- 
( dicular of triangle. 

\ the chord of 
{ half the arc 



And v^5625«75= 

Then, 
76x8=-600 

120«chord of whole arc 



480^3^160, Ans. 
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PROBLEM Vm. 

To find the side of a Square inserted in a Circle j from 

its circumference or Diameter. 

Akt. 24 Rule.— I. Multiply the diameter by .7071 
^the side of the inscribed square. 

II. Multiply the circumference by .225l=»side of the in- 
scribed square. 



Note. — The area of a circle is to the area 
of ihe circumscribed square as .7854 is to 1, 
and to that of the inscribed square as .7854 is 
to 4. Consequently, the sqotfre within the 
circle is precisely half of the square without. 



Ex. 1. What is the side of a square inscribed in a circle 
whose diameter ^B is 200 feet ? 

OPERATION. 

.7071x200- 141.4200«the side of the inscribed square. 

Ex. 2. What is the area of a square inscribed in a circle 
whose area is 159 1 

.7854 : i : : 159 : 10 1.22== area. 

Ex. 3. What is the area of a square circumscribed about 
a circle whose area is 159 t 

.7854 : 1 : : 159 : 202.44 

Ex. 4 The circumference of a circular walk is 780 : 
what is the side of an inscribed square ? Ans. 175.578. 

Ex. 5. The circumference of a circular pond is 312 feet : 
what is the side of the largest square sheet of ice which can 
be cut from it when frozen over "i Ans. 70.2312 ft. 

Ex. 6. The circumference of a circle is 715 : what is tho 
side of an inscribed square ? ' Ans. 100.9445. 
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i: FROBtEM IX. 

To find the area of the Sector of a Cirde. 

Akt. 25. Ride. — I. Find the length of the arc by Art 
23. 

II. Multiply the length of the arc thus found, by half the 
length of the radius, and the product will be the area. 

Or, As 360 degrees is to the number of degrees in the 
arc of the sector, so is the area of the circle to the area of 
the sector. 

A 

Ex. 1. If the arc AB be 120 xlegrees, 
and the diameter of the circle 226 de- 
grees, what is the area of the sector ? 




Remark, 113 is ^ the 
diameter, (Art. 23,) 
and 56^ is ^ the radius 
according to the above 
rule. 



OPERATION. 

First, .01745x 120x 113=236.622 
Then, 236.622x 56 J= 13369. 142 



NoTK.^It is manifest that the area of the sector has the same ratio 
to the area of the circle which the namber of degrees in the arc has to 
the namber of degrees in the whole circumference. 

Ex. 2. What is the area of a sector of a circle, in which 
the radius is 25 and the arc of 26 degrees ? (See Art. 23.) 

Arts. 141.8 

Ex. 3. Required the area of a semi-circle, in which the 
radius is 13. Arts. 265.4 143« 

Ex. 4. What is the area of a circular sector, when the 
length of the arc is 650 feet, and the radius 325 ? 

Ans. 105625 sq. ft 



MEXSmtATION 



PROBLEM X. 

To find the area of the Segment of a Circle. 

Aet. 26. Rule.— I. To the chord of the whole arc add 
4 of the chord of half the arc. 

II. Then multiply the sum by the versed sine, or height 
of the segment, and i^ of the product will be the area of 
the segment^ very nearly. 



Ex. 1. Required the area of a cir- 
cular segment whose chord j?£=24 
feet, and whose radius CA^20 feet? 




OPERATION. 



First, Ci4— 4P=CP=v^400— 144-16=CP 

Then, CD— CP-DP-20—16-4-heigbt of segment 

Now, i^+PD=ZD=v/l44+f6=12.6 JlD 

And, 24. =the chord of the segment 

12.649 ll=chord of | the segment. 
4.21637-=^ of the chord of J the arq. 

40.865^ 

4=»the height of the segment 



163.46192 
4 

10)653.84768 



65.384768==area of the Segment 
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Ex. 2. Required the area of a circular segment whose 
height is 19.2 and base or chord 70^ Ans. 947.86. 

^35VT972-ia 

Ex. 3. What is the area of a circular segtnent whose 
chord is 16, and the diameter of the circle 20 1 

Ans.U.eSO. 

Ex. 4. If the base or chord of a segment be 10 feet, and 
the radius of the circle 12 feet, what is the area of the seg- 
ment ? Ans. 7.35 sq. ft 

Note.— The following rule is given in Day^s Mathematics : Find the 
area of the sector which has the same arc, and also the area of the 
triangle formed by the chord of the segment and the radii of the sector. 
Then, if the segment be less thun a semi-circle, sisbtract the area of the 
triangle from the area of the sector. But if the segment be greater than 
a semi-ciiele, add the area of the triangle to the area of the sector. 

PROBLEM XL 
To find the area of a Lune^ or Crescent. 

Art. 27. Rule. — Find the difference of the two. seg- 
ments which are between the arcs of the crescent and ite 
chord, for the area. 

Ex. 1. The chord of two 
s^ments j9J? is 72, and the 
height of the greater segment 
HD is 80, and of the less HC 
20, what is the area of the 
crescent ? Ans. 6 14.8692. 

Ex. 2. If the chord JB be 88, the height J?C20, and the 
height HD 40 ; what is the area of the crescent, ADB and 
JICB? Ans. 1478. 

|io7«.*-For the demoastratiou of the abore examples consult Art. 
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[PROBLEM XII. 

To find the area of a Circular Zone. 

Art. 28. Rule. — From the area of the whole circle sub- 
tract the areas of the two segments bu the sides of the zone. 

C 

If from the whole circle there 
be taken the two segments ABC 
and DFGyi there will remain the 
circular zone ABFD. 



Ex. 1. What is the area of the zone ABFD, if AB is 
7.76, DFy e.93, and the diameter; of the circle 8 1 

OPERATION. 

50.26=area of the whole circle* 
17.23=area of the segment ABC. 
9.82=area of the segment DFG. 

27705 
And, 50.26— 27.05=23.21=area of the zone ABFD. 

PROBLEM XIII. 

To find the area of a Ring included between the circumfer^ 
ences of two Concentric Circles, 

Art. 29. Rule. — I. Square the diameter of each circle, 
and subtract the square of the less from that of the greater. 

n. Multiply the difference of the squares by the deci* 
mal .7854, and the product will be the area. Or, 

in. Multiply the product of the sum and difference of 
the two diameters by .7854. 

Ex. 1. If the diameter of the outer circle AB be 221j 
and the inner circle D£, 106, what is the' area of the ring \ 
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OPERATION. 

First, 221X.7854* 38359.72 



— 2 



And, 106x.7854^ ^??i7^ ^ 

Ans. 29524797 




That is, the area of each of these circles is equal to the 
square of the diameter multiplied by .7854 (Art.* 19.) And 
the diflFerence of these squares is equal to the product of the 
sum and difference of the diameters. Therefore, the area 
of the ring is equal to the product of the sum and difFereiici" 
of the two diameters, multipled by .7854. 

Ex. 2. The diameter of the inner circle is 12 rods, and 
the outer, 20 rods j required the area of the ring. 

Ans. 201.06 rods. 

Ex. 3. Supposing the diameter of Saturn's larger ring to 
be 205.000 and the smaller one 190.000 miles, required the 
number of square miles on one side of the ring. 

Ans. 4.653.496.000. 

Ek. 4. Two diameters are 21.75 and ,9.5 ; what is the 
area of the circular ring % Ans. 300.66. 

Ex. 5. If two diameters are ^ and 7f , what is the area 
of the rmg 1 Ans. 33.8a 

PROBLEM XrV 

To find the area of an Ellipse. 

Art. 30. Rule. — Multiply the longer axis by the shorter, 
and the product, multiplied by the decimal .7854, will be 
the area required. 
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A common and more scientific name for the longer axis | 

of an ellipse, is the transverse, ormcjcr, and for the shorter, 
the cm jugate or minor. 

Ex. 1 What is the area of an ellipse whose longer axis 
AB is 70 feet, and whose shorter BC is 50 feet ? 

c 

OPERATION, " 

jJJBx DJE-70X 50«3500 a 

Then, 3500x, 7854=2748.9= area. 

D 

Ex. 2. What is the area of an ellipse whose axes are 16 
and 12? Ans. 150.79. 

PROBLEM XV» 

To find the Circumference of an Ellipse. 

• 

Art. 31. Rule. — Square the two axes, and multiply the 
square root of half their sum by 3.14159 ; the product will 
be the circumference, nearly. 

Ex. 1. Whbt is the circumference of an ellipse whose 
transverse and conjugate axes are 16 and 18 feet ? 

OPERATION. 

16+18=^580=sum of the squares of the axes. 

And, 290=halfsum. 

Then, 290x 3. 14 159-9 1 1.064-circumferencc* 

Ex. 2. Required the circumference of an ellipse whose 
axes are 24 and 20 feet. Ans. 69.39. 

PROBLEM XVI, 

To find the area of an Elliptic Segment cut off by a lin% 

'perpendicular to either axis. 

' Art. 32. Rule. — Find the area of a corresponding cir* 
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colar segment having the same height and the same verti- 
cal axis or diameter. Then sav, as the vertical axis is to 
the other axis, parallel to the segment's base, so is the area 
of the circular segment before found, to the area of the 
elliptic segment sought. 

Ex. 1. What is the area ot an elliptic segment, cut oflF 
parallel to the shorter axis, whose height is 10 ?ind whose 
axes are 25 and 35 ? Ans. 162.03. 

Ex. 2. What is the area of an elliptic segment, cut oS 
parallel to the longer axis ; whose height is 5 and the axes 

26 and 35 ? Ans. 97.84. 

* 

PROBLEM XVII. 

To find the area of a Parabola. 

Aet. 33. Ut^e.— Multiply the base by the height, and 
two-thirds of the product will be the area. 

Ex. 1. What is the area of a parabola 
whose base AB is 26 inches, and height ^/ — j 
Dc 9 feet ? 

A 
OPflRATION. 

First, 9 ft.=108 inches=height 




B • 



We simply multi- 
ply the base and height 

together, and divide 
by I for the answer. 



26 



>base. 



648 
216 
imoS \ -•product of base 
^ ^ 2 / ^°d height. 

3)5616 

1872=area in sq. inche& 
And, 1872-T-144«13 Ji. Ans. 
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Ex. 2, What is the area of a parabola whose base is 12 
feet and height 18 feet 1 Ans. 144 ft. 

Ex. 3. What is the area of a parabola whose base is 
4i feet and height 10^ feet ? Ans. 3 1.50 ft. 

PROBLEM XVIII. 

To find the area of a Frustrum of a Parabola^ cut off by 
a line dravm parallel to the base. 

Art. 34. RiUe. — ^Multiply the difference of the cubes of 
the two ends of the frustrum by twice its altitude, and 
divide the product by three times the difference of their 
squares. • 

Ex. 1. What is the area of a frustrum of a parabola 
whose height Db is 12 feet, and its upper end ef 12 feet, 
and base AB 20 feet ? (See last problem*) 

OPEEATION. 

^400 20*8000 

l2«144 12-1728 

256«diff. of their squares 6272 

3 24=twice the height 

"768 25^ 

12544 



768)150528(196^. jftw. 
768 

7372 
6912 



4608 
4608 



* Ex. 2. What is the area of a frustrum of a parabola 
whose height is 8 feet^ and its ends 16 and 10 feet ? 

Ans. 105.8. 
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PROBLEM XIX. 

To find the area of a Hyperbola. 

Art. 35. Rule. — 1. To five-sevenths of the abscissa add 
Ihe transverse diameter j multiply the sum by the abscisf;a, 
and extract the square root of the product. 

n. Then, multiply the transverse diameter by the ab- 
scissa, and extract the square root of that product. 

m: Then, to 21 times the first root, add 4 times the se- 
cond root ; multiply the sum by double the product of the 
conjugate and abscissa, and divide by 75 times the trans- 
verse ; this ^ill give the area, nearly. 

Ex. 1. If the base of a hyperbola be 24 feet, the height 
10, and the transverse axis 30 ; what is the area 1 

^ns. 151.69* 

PROMISCUOUS EXAMPLES. 

1. What is the area of a circle whose diameter is 
26? ? Jtns. 546.35. 

2. What is the circumference of a circle whose di- 
ameter is 14| % Ans. 45.94 • 

3. Required the area and circumference of a circle 

whose diameter is 56 J. Ans, 2474.0=area. 

176.3=ctrctt7/i. 

4 K the area of a circle be 2839.2, what is its diame- 
ter? ^7w. 60.125. 

5. What is the length of an arc of 30 degrees in a 
<;ircle whose radius is 58 feet ? Ans. 30.36. 

6. What is the length of the side of a square, inscribed 
in a circle whose circumference is 300 feet 1 Ans, 
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7. If the diameters of two circles are 16 and 10, what 
"will be the area included between the circumferences? 

Ans. 122.52. 

8. What will be the expeuse of papering the side? 
of a room, at 10 cents a square yard, if the room be 21 feet 
long, 18 feet broad, and 12 feet high, and if there be deduc- 
ted 3 windows, each 6 feet by 3, two doors, 8 feet by 4J, 
aod one fire place, 6 feet by A\ ? Ans* $8.80. 

Sk What is the area of a circular segment whose 
height is 9 and base 24 ? Ans. 

10. If a circular piece of land be enclosed by a fence^ 
in which 10 rails make a rod in length, and if the field con- 
tains as i^any square rods as there are rails in the fence, 
what is tbe va^lue of the land at 120 dollars per acre ? 

An$. $942.48. 

11. What is the area of a square inscribed in a circle 
whose diameter is 36 feet ? Am. 
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SECTION III. 

MENSmtATION OF SOLIDS BOUNDED BT PLANE 6tntFACB& 

DEFINITIONS. 

Art; 36. Mensuration of Solids is divided into two 
parts : 

I. The mensuration of the surfaces of solids ; 
n. The mensuration of their solidities. (Art. 1.) 

It has already heen shown (Art. 2, Def. IV.) that th« 
unit of measure for plane surfaces is a square^ whose side is 
a footf a yardy or any other fixed quantity. 



1. A Prism is a solid whose ends are parallel, 
similar and equal, and the sides, connecting these 
are parallelograms. A prism takes particular 
names according to the figure of its base, whether 
triangular, square, rectangular, pentagonal, &c. 
The parallel planes are sometimes called io^e^or 
ends. The perpendicular distance between tjie 
bases is called the height of the prism. 




2. A Parallelopiped is a prism 
bounded by six quadrilateral planes, 
every opposite two of 'Which are 
equal and parallel. 




6S 
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3. A Cvbe is a right prism, bounded 
by six equal square faces, of which any 
two» opposite to each other, are parallel. 




4. A. Pyramid is a solid whose base is 
any plane figure, and whose sides are 
triangles, having all their vertices meet- 
ing together in a point above the base, 
etUed the vertex of the pyramid. The 
perpendicular distance from the vertex 
to the plane of the base is the height of 
the pyramid; as, DB. The dant height 
of a pyramid is a line drawn from the 
vertex to the middle of one of the sides 
of the base. A pyramid, like the prism, 
fakes particular names from the figure 
of tiie base, according as it is square^ 
trilngular or polygonaL 



5. A Frudrum or Trunk of a pyramid is a 
portion of tBe solid that remains afta- any part 
has been cut off parallel to the base. The 
height of the frustrum is a line drawn through 
the centre of the pyramid from the centres of 
the two parallel planes. The slant height is 
a line passing on the surface of the frustrum 
through the middle of either of its sides. 



D 
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6, A Wedge is a solid of five sides, 
two of which are rhomfooidal, and 
meet in an edge, a rectangular base, 
and two triangular ends. The height 
of the wedge is the perpendicular dis- 
tance between the edge and the plane 
of the base# 

7. A Prismoid is a solid whose 
ends or bases are parallel, but not 

similar, and whose sides are quadri- 
lateral. 






8, Surface is the exterior part of any thing that has 
length and breadth, the limits that terminate a solid. Ccw 
Dex and lateral surface, are sometimes used synonymously 
in Mathematics. 



PROBLEM I. 

To find the Lateral Surface of a Right Prism. 

Abt. 37. Rule, — Multiply the perimeter of the base into 
the altitude, ^nd the product will be the c^^vex surface. 
When the efnf,ire surface ot the prism is required, add to the 
convex surface the area of the bases. Hence, the super- 
fices of any solid, bounded by planes, is equal to the 
sum of the areas of all its sides. 

It is manifest that each of the sides of the prism is a par- 
allelogram, whose area is equal to the product of the length 
into the breadth. Now, since the breadth is only one side 
of the base, therefore the sum of all-.the breadths is equal to 
the perimeter of the base. 



64 MENmTRATION 

Ex. 1. What is the entire surface of a regular prism, 
Irhose base is a regular pentagon, each side of which is 20 
fiset, and whose altitude is 50 feet ? 

OPERATIC^Y. 

20x 5« 100=perimeter. 
50=height. 

5000 sq. ft. which is the convex surface. 
We have for the area of the end (by Art. 13) 

flOxtabular number, or 400x1.720477=688.1906. 

Then, 688.1908=«area of one end. 
688 .1908= « " 

1376.38 16=area of two ends. 
5000 ==area of convex surface. 

6376.38 16=entire surface. 

Ex. 2^ Required the lateral surface of a prism whose basd 
is a regular hexagon^ and whose sides are each 2 feet 3 
inches, the height being 11 feet ? Ans. 216 sq. ft 

Ex. 3. What is the entire surface of a triangular prism, 
whose base is an equilateral triangle, having each of its 
sides equal to 18 inches, and altitude 20 feet 1 

Ms: 91.949 sq. ft. 

Ex. 4 What is the surface of a regular Heptagonal 
prism, each side of whose base is 16 and altitude 15 feet ? 

Ans. 1680 sq. ft. 

PROBLEM II. 

To find the Solidity of a Prisrru 

Art. 38. Rule. — Multiply the area of the base by the 
perpendicular height^ and the product will be the solid con- 
tents. 
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Note The above rale holds true nhaiever (he Egnre of the boM 

way be, whether ri^hl or oblique parallelopipedons, cubes, Ate. 

As surfaces are measured by comparing Ihem with a, right parallelo- 
gram, so solids are measured by compariug [hem with a right parallelo- 
pipedon. 

If the base of a right parallelopipedon be given, il is manifest that 
ihe number of cubic feet conlained in one foot of the height, is eqnal lo 
(he number of square feel in the base. And if the solid be of any other 
height ffibatever, instead of one foot, the contents will be in the same 

Let as illustnue this by an example; 
Let ABCD be ihe base of a right paial- j. 
lelopipedon, and suppose AB Ac BC each 
=4 feet. Then, the number of square 
feet in the base ABCD will be eqaal to 
4x4=16 square feet. 

Now, it is manifest that ajtarallelopipe- 
don 1 foot \d heighl contains 16 cubic 
feet ; and were it 2 feel in'height, it would ■* 
contain 32 cubic feet, &c. > * 

That is, the contents of any parallelopiped isfonnd by mull i plying the 
area of the base by the aliimde of that solid. So, on the other hand, if 
the solid conienia of a ci-Aic body be given, the length of the edges mar 
be foimd by tximciiag the cabt root of the given solid, 

Ex. 1. Wliat is the solidity of a wall 28 feet long, 12 
feet high, and 3 feet 4 inches thick ? 



We merely multiply the length, 
height, and thickness together, 
to find the solidity. 



28 =length. 

J2 -height 

336 
__3J»thicknesa 

908 

112 
1020 -solidity. 
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Esc. 2. What is the solidity of a regular pentagonal 
prism, whose altitude is 20, and each side of the base 15 
feet? j3?i5. 7742.1443. 

Ex. 3. Required the capacity of a cubical vessel which 
is 3 feet 5 inches deep. 



OFESATION BY 


DUODECIMALS. 


3 5' 






3 5' 






9 3' 


I 




15' 


1" 




10 8' 


1" 




3 5' 






32 0' 


3" 




4 5' 


4" 


5»i 



36/5' 7" 5"' 

Ex. 4. A cellar was dug, whose length was 49 feet 6 
inches, breadth 23 feet 9 inches, and depth 9 feet 5 inches ; 
how many solid yards of earth were taken out of it ? 

Ans. 410 yards. 

Ex. 6. Required the solidity of a triangular prism whose 
altitude is 10 feet, and the three ades of its triangular base 
3, 4, and 6 feet. Ans. 60 solid JU 

Art. 39. The capacity of a vessel in gallons or bushels 
of any given dimensions, may be readily ascertained by cal- 
culating its contents in inchesy and then dividing the con- 
tents by the number of cubic inches in one gallon or bushel. 

Ex. 1. Required the number of ale gallons there are in a 
cistern which is 9 feet 8 inches deep, and whose base is 5 
feet 4 inches square t Ans, 16848 gall. 
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Trr this operation we 
rimply calculate the ca- 
pacity of the cistern in 
cubic inches, and then 
divide by the number of 
eubic inches contained 



OPERATION. 

First, 5 ft. 4 in.=64 inches. 

And, 64- 4096 
9 ft. 8 in.= 116 
Then, 4096x116=475136 

And, 475136-J-282 (cubic inches 
in gall. ale)= 1684.8, Ans. 



in 1 gallon. ' 

Ex. 2. How many ale gallons are there in a cistern whose 
base is 5 feet 3 ipches square, and which is 9 feet 8 inches 
jgep,/! Mns» 1632.6. 

Ex. 3. How many wine gallons are there in a cistern 11 
feet 9 inches long, 4 feet 9 inches wide, and 3 feet deep ? 

Jlns. 1252.5. 



PROBLEM III. 
To find the Lateral Surface of a regviar Pyramid. 

Art. 40. Rule. — Multiply the perimeter of the beae by 
the slant height, and half the product will be the surface. 
If the whole surface be required, add to this the area of the 
base. 



Ey. 1. What is the lateralsurface of a regu- 
lar triangular pyramid whose slant height is 
20 feet, and the sides of whose base are each 
8 feet? 

OPERATION. 

8x3=-24F=perimeter of the base* 
20=slant''heigbt 

2 )480 

240=»lateral surface^ 
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Ex. 2. What is the entire surface of a regular pyramid 
whose slant height is 15 feet, and iwbose base is a regular 
pentagon, each side of which is 25 feet 1 

• Ans.2012.798sq.fi. 

Ex. 3. Required the convex surface, and also the entire 

surface, of a regular pentagonal pyrarhid, whose slant height 

is 45, and the sides of whose base are each 15 feet 

^ns» 1681. 6=convex surface. 

387. 107=area of the base. 

2074.607 sq. ft.^whole surface. 

PROBLEM IV. 

To find the Lateral Surface of the Frusirum of a regular 

Pyramid. 
Art. 41. Rule. — Multiply the perimeters of the two 
ends by the slant height of the frustrum, and half the pro- 
duct will be the surface required. To this add the surface 
of the two ends when the entire surface is required. 

Ex. 1. What is the lateral surface of the 
frustrum of a regular octagonal pyramid whose 
slant height is 42 feet, and the sides of the 
lower base 5 feet each, and of the upper base, 
3 feet each. 7 

OPERATION. 

First, 5x&=40==perimeter of lower base. 
3x8-24= " upper " 

64»sum of the two ends. 
42»£lant height 

128 
256 

2)2^ 
1344»area of lateral surface. 




Ex. 2. How many square feet are there in the lateral 
surface of the frustrum of a square pyramid, whose slant 
height is 10 feet, each side of the lower base 3 feet 4 inches, 
and each side of the upper base 2 feet 2 inches? 

^ns. 110. 
"Ex. 3. If the slant height of the frustrum of a hexagonal 
pyramid be 48, each side of the lower base 26, and each 
side of the upper base 16 feet, what is the lateral surface t 
Ajis. 60^ sq.Ji. 

PEOBLEM V. 
To find the Solidity of a Pyramid. 
Akt. 42. Ride. — Find the area of the base, and multiply- 
that area by 4 of the height. 

This rule follows from that of the prism, because any 
pyramid is 5 of a prism of the same base and altitude. It u 
manifest, therefore, that the solidity of a pyramid, wheAer 
right or oblique, b equal to the product of the area of the 
base into } of the perpendicular height. 



Ex. 1. What is the solidity of a square pyr- 
amid the sides of whose base are each 30 feet, 
and its perpendicular height 25 feet t 

OPERATION. 

First, 30x30™900-area of the base. 
26-!-3- 8i 

7200 
300 
7500=solidity. 
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Ex. 2. Hol»r many solid feet in a triangular pyramid the 
altitude of wUch is 14 feet 6 inches, and the three sides of 
its base, 5, 6 and 7 feet ? ^ns. 71.0352. 

Eic 3. What are the solid contents of a triangular pyra- 
mid, the sides of whose base are each 3 feet, and height 30 
feet ? (Find the area of the base by Art. 7.) 

Mi. 38.97. 

NdlB.— -A Triangular Pyramid^ whose lieight, and each side of i» 
triangular base, are each 12 inches, is nearly i of the cube whose lin. 
ear edge is equal to a side of the triangular base, and contains 249.413 
cubic inches. This is a short method of obtaining the solidity of the 
pyramid, and is sufficiently accurate for all practical purposes, as may 
ibe seen by applying it to the solution of the above proposition.' 

Thus, 3x3x30-^-7-38.571. 

Ex. 4. What is the solidity of a regular pentagonal py- 
ramid, its altitude being 12 feet, and each side of its base 2 
&el % Ans. 27.52 solid ft. 

PROBLEM VI. 

To find the Solidity of the Frustrum of a Pyramid. 

Art. 43. Rule. — To the areas of the two ends of the 
frustrum, add the square root of theu- product, and this sum, 

multiplied by ^ of the perpendicular height, will give the 
solid contents. 

NoTE.—This Rule holds equally true to a pyramid of any form. 
For the soUdities of pyramids are equal when they have equal heights 
And bases, whatever be the figure of their bases. 

Ex. 1. In the frustrum of a pyramid, (Art. 40,) one end 
of which IS 9 feet square, the other end 6 feet square, and 
the height 40 feet, what is the solidity ? 
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OFEBATION. 

First, 9x9^1=areaofbase. 

6x6=36=area of upper base. 

117 

81x36=2916, and v^2916=54-sq. root of prod, of 2 areas. 

Then, 117+54=171 

1^=^ of the haght. 

"613" 
171 
57 



2280=solidity. 

Ex. 2. What is the soBdity of the frustrum of a regular 
pentagonal pyramid, whose altitude is 5 feet, each side of 
one end 18 inches, and each side of the other end 6 inches ? 

Ans. 9.31925 cvbic ft. 

Ex.' 3. If the height of a frustrum of a pyramid be 24, and 
the areas of the two ends 441 and 121, what is the solidity ? 

Jlns. 6344. 

Ex. 4. What is the solidity of a frustrum of a hexagonal 
pyramid, whose height is 48, each side of the lower base 
26, and each side of the upper base 16 ? ^ns. 56034. 

Ex. 5. What is the solidity of a squared piece of timber, 
whose length is 18 feet, each side of the lower end 18 
inches, and each side of the smaller, 12 inches ? 

^71$. 28.5 cubic Ji. 

PROBLEM VII. 

To find the Solidity of a Wedge, 

Art. 44. Rule, — I. To the length of the edge of the 
wedge add twice the length of the base. 
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II. Then multiply this sum by the height of the Tvedge, 
aQd the breadth of the base ; and ^ of the product will be 
the solid contents. 



E 



Ex. 1. Required the solidity of 
a wedge whose base AB is 27 
feet, BCy 8 feet, and whose edge 
CE is 36 feet, and the perpendi- 
cular height 42 feet. 

OPERATION. 





First, 3ft-length of the base. 

54=twice the length of the base. 

90 ' 

42=height of the wedge. 

l80 
360 



And, 3780x8-f-6=5040=solidity of wedge. 

Ex. 2. How many solid feet arc there in a wedge whose 
base is 5 feet 3 inches long and 9 inches broad, the length 
of the edge being 3 feet 6 inches, and the perpendicular 
height 2 feet 3 inches ? ^ns. 3.9375 cubic ft. 

Ex. 3. What is the solidity of a wedge, the length and 
breadth of whose base are 35 and 15 inches, and the length 
of the edge is 55 inches, and whose perpendicular height is 
18 inches 1 Ans. 32552 cubic ft. 

PROBLEM Vin. 

To find the Solidity of a Rectangular Prismoid. 

Aet. 45. Rtde. — ^To the sum of the areas of the two 
ends add four times the area of a section parallel to and 
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equally distant from the parallel ^nds, and this sum, multi- 
plied by I of the height, will give the solidity. 

Ex. 1. What is the solidity of a 
rectangular prismoid, the length and 
breadth of one end being 14 by 12 
inches, and the other 6 by 4 inches, 
and the perpendicular 30 feet 6 inches. 

First, 14x IS^ieS^'area of lower base. 
6x 4= 24=» " upper " 

T92 
14+6-5-2=10 S length and breadth Then, 192 
12+4-^2= 8 "^ ;! of middle section. 320 

80 "5 12 

4 61-j height 

320»area of 4 times mid. sec. 512 

3072 




31232 
And, 3 1232H- 1728- 18.074 cubic ft. Ans. 

Ex. 2. Required the solidity of a stick of hewn timber 
whose lower end is 30 inches by 27, and whose upper end 
is 24 by 18 inches, supposing its height to be 48 feet 1 

Ans. 204 cubic ft. 

Ex. 3. What weight of water can be put into a prismoidal 
vessel whose dimensions are as follows: at the top 5 feet 
by 3 feet, and at the bottom, 7 feet by 6 feet, and the per- 
pendicular depth 4 feet, allowing 62^ pounds avoirdupois 
to the cubic foot ? Ans. 3375 founds. 

Note. — The weight of water which a vessel of any given dinien- 
sions will contain, may be found by calculating the capacity in cabio 
feet, and multiplying by 62^ lbs. or 1000 ounces avoirdupois, the trua 
weight of a cubic foot of pure water. 
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TKOHISCUOUS EXAMPLES. 

1. What is the whole area of a regular triangular prism, 
whose perimeter is 12 feet^ and whose height is 22 feet ? 

Ans, 

2. What must be paid for lining a rectangular cistern 
with lead, 9l 2d h pound, the thickness of the lead being 
such as to require 7 lbs. for each square foot of surface, the 
inner dimensions of the cistern being as follows ; viz : the 
length 3 feet 2 inches, the breadth 2 £eet 8 inches, and the 
4epth 2 feet 6 indies ? ^ns. 

3. What is the solidity of a pentagonal pyramid, whose 
height is 16 feet, and the sides of whose base are each 3 feet 
•€ inches ? Ans. 

4. What is the lateral surface of a triangular pyramid 
whose slant height is 24 feet, and each side of /v^hose base 
is 4 feet ? \Ans. 

5. If the height of a frustrum of a pyramid be 30 feet, 
and the areas of the two ends 480 and 136, what is the 
solidity ? ^ns 

6. What are the solid contents of a triangular pyramid, 
whose height is 28 feet, and the sides of whose base are 
each 4 feet 7 inches ? Ans. 

7. Required the solidity of a wedge whose base is 4 feet 
6 inches long by 2 feet 4 inches wide, the length of the 
edge being 5 feet, and the perpendicular height 12 feet ? 

Ans. — 
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SECTION IV. 

MEAST7RES OF TOE FIVE REGULAR BODIES. 
BEFINITIONS. 

Art. 46. — ^When a. body is coatained under a certain 
number of similar a&d equal plane figures, it is called a 
Regular body. 

Of tbis description are the following figures: 

1. T%e Tetraedrony which has four equilateral triangular 
faces. 

2. The Hexaed/ron or Cube, which has six square faces. 

3. The Odaedrouy whose sides are eight triangles. 

4. The DodecaedroUf whose sides are twelve pentagons. 

5. The Icosaedron, which has twenty equilateral triangu* 
lar faces. 

These comprise all the regular solids. They are formed 
by triangles, squares, and pentagons. 

FROBLEM I. 

To find the Convex Surface of a Regular Solid. 

Art. 47. iJt^/e.— Find the area of one of the sides, then 
multiply it by the number of sides, and the product will be 
the area. Or, 

Multiply the proper tabular area or surface (taken from 
the following table, Prob. 2,) by the square of the linear 
edge of the solid, and the product will be the surface* 
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Since all the sides of a regular body are tqu/d^ k is mani- 
fest that the convex surface of any one of them multiplied 
by the number of sides will give the whole surface. Now, 
to facilitate the measurement of the surface of sgiy regular 
body, a Table may be prepared containing the surfaces of 
the several regular solids, whose. linear edges are unit'g. 
To construct such a tahUy we need only multiply the area 
of one of the sides as is given in Art. 13, by the number of 
ndes. Thus the area of an equilateral triangle, whose edge 
is l,is 0.4330127. Consequently the area 

Of a square, «.4330127x4« 1.7320508. 

Of a hexagon, «.4330127x6= 2.5980702. 

Of a regular icosaedron,=.4330127x20=8.6602640. 

Ex. 1. What is the convex surface of a regular icosae- 
dron, whose edges are each 3 feet 1 

OPERATION 

3'=9, and 9x8.6602540-77.9422860, Am. 

NoTB. — This question is solved by multiplying the area of one side 
by the number of sides. Thus, the area of an equilateral triangle, 
whose edge is 1 =.4330127. Now, since there are 20 sides, if we mul- 
tiply this number by 20, the product wiU be 8.6602540 j which, multi- 
plied by the square of one of the sides, gives the whole area as we see 
in the operation. 

Ex. 2. Required the surface of a regular dodecaedron 
whose edges are each 25 inches. Ans, 89.6 sq.ft. 

Ex. 3. What is the surface of a regular octaedron whose 
edges are each 76 1 Ans. 20008.63. 

PROBLEM II. 
To find the SolidUy of any Regular Solid. 

Art. 48. Rule.-^l. Find the convex surface of the giveix 
folid by the previous rule. 
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n. Multiply the surface by ~ of the perpendicular dis- 
tance from the centre to one of the sides. Or, 

Multiply the tabular solidity (taken from the following 
table) in the last column of the table by the cube of the 
linear edge, and the product will be the solid contents. 

A Table of Surfaces a,nd Solidities of Regular Bodies, th4 

side being unity, or 1. 



t 

Naipber of sides. 


Names. 


Surfaces. 


Solidity. 


4 

6 

8 

12 

20 


Tetraedron, 
Hexaedron, 
Octaedron, 
Dodecaedron, 

Icosaedron, 

• 


1.7320508 
6.0000000 
3.4641016 
20.6457288 
8.6602540 


0.1178513 
1.0000000 
0.4714045 
7.6631189 
2.1816950 



The above table may be used to great advantage in tht 
measurement of other similar solids. 

Ex. 1. What is the solidity of an octaedron, whose linear 
edge is 6 feet ? 

OFERATI(»7. 

First, 6'=216 

Then, 216x.4714045- 101.8233 cubic feet. 

Ex. 2. What is the solidity of a regular octaedron, whose 
linear edges are each 32 inches 1 

Am. lbA4n inches. 

Ex. 3. What is the solidity of a regular hexaedron, whose 
linear edges are each 4 feet? Ans. 64 
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SECTION V. 



MENStJEATION OF THE CYLINDER, CONE AND SPHERB.' 



DEFINITIONS. 




Art. 49. 1, A Right Cylinder is a 
solid, having equal and parallel circles 
for its ends, and is described by the revo- 
lution of a rectangle about one of its sides. 
Thus, EF (fig. I) is a right cylinder. 



2. The ^xis of a cylinder is a line passing through the- 
centre, and- is perpendicular to the bases; as, jEF(fig. L) 

3i The Height of a. cylinder is the perpendicular distance 
from one base to the plane of the other. 

4. If the cylinder be oblique, then the ends are equal and 
parallel circles, but inclined towards the axis. 

Note— A cylinder may be considerea as a prism of aa infinite num- 
ber of sides ; for the difference between such a prism and a right cylin- 
der, would be less than any given qaautity. 

5. A Right Cone is a solid body of a 
true taper from^the base to a point which 
is called the vertex, and is described by the 
revolution of a right-angled triangle about 
one of the sides which contains the right 
angle; as, -45 (fig. 2.) The circle de- 
scribed by the revolving side is called the 
base, which is perpendicular to the axis 
that proceeds from the middle of the base to the vertex. 
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6. The height of a cone is the fixed side of &e triangle 
by which it is described, or the perpendicular distaace front 
the vertex to the plane of the base ; as, .AB (fig. 2.) 

7. The slani height of a right cone is the distance from 
the vertex to the circumference of the base. 

8. A Frustrum of a cone is what g 
remains after a portion is cut off by a 

plane, parallel to the base : thus, fig. 
3 exhibits the frustrum of a cone. The 
height of a frustrum is the perpendicu- 
lar distance between its two parallel 



9. The slant height of the frustrum of a right cone is tha 
distance between the peripheries of the two ends, measured 
upon the surface. 

10. A Sphere is a solid, terminated ' 
by a curved surface, all the points of 
which are equally distant from a point 
■within, called the centre. A sphere 

may be described by the revolution of 
a semi-bircle about a diameter. 

11. A radius of a sphere is a hne drawn from tiie cen- 
tre to any part of the surface ; as, CA (fig. 4.) 

12. The diameter of a sphere is a line drawn through the 
centre, and terminated at both ends by the surface. All 
diameters of a sphere are equal to each other, and each ii 
double the ladius. 
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13. A Segment of a sphere is a 
portion of the sphere cut off by any- 
plane. AB (fig. 5) b a segment of 
a sphere. This plane is called the 
base of the segment. , 



14. The height of a 
middle of its base to the 



segment b the distance from the 
«nvex surface. 



15. A Zone is a portion of the surface of a sphere, in- 
cluded between two parallel planes which form its bases. 
If the bases are equally distant from the centre, it b called 
the middle zone. 

16. The height of a zone is the perpendicular distance 
between the two planes which foim its bases. 

6 D 

17. A Spheroid is a solid, 
generated by the revolution of 
an ellipse about either of its 
aies; a3,^BorCflC%.6.) 



,18. A Cylindric(d Ring is a solid 
formed by bending a cylinder, as a cy- 
Kndricalhar of iron, until the two ends 
meet each other ; thus, mjO,jtj (fig. 7) 
is a (^lindrical ring. 
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PEOBIEM I. 
To find the Convex Surface of a Cylinder. 

AsT. 50. Ride. — Multiply the circumference of the base 
by the lene^ of the cylinder, aud the product will be the 
convex surface required : To this add the areas of the two 
ends when the entire surface is required. 

The truth of this rule will easily appear by covering a 
cylinder with a paper, and then spreading it out into a plane. 
Thb plane will form a pardUlogram, whose length is the 
same as the length of the cylinder, and whose breadth is the 
same as the perimeter or circumference of the cylinder. 
And by Art. 4, the area of the parallelogram thus formed, 
must be equal to the length multiplied into the breadth. 

Ex. 1. What is the convex surface of 
a right cylinder, whose length is 23 feet, 
and the diameter of its base 3 feet t 

OPEaiTlON. 

First, by Art. 16 find circytm£ of base. 

3x3.14159=9.42477. 
Then, 9.42477x23-216.76971-surfece. 

Ex. 2. Required the entire surface of a cylinder whose 
length is 20 feet, and the diameter c^ whose base is 2 feet? 
.^715. 131.95 Ji. 
Ex. 3. What is the entire surface of a cylinder whose 
length b 82, and circumference of the base 71? 

•Aw. 662432. 

PBOBLEM II. 
To find the Solidity of a Cylinder. 
Akt. 51. Ride. — Multiply the area of the base by the 
height, and the product will give the solid contents. 
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MENSURATION 



Ex. 1. What is the solidity of a cylin- 
der, the diameter of whose base is 16 feet, 
and its height 28 feet ? 

OPERATION. 

First, find the area of the base by Art. 21. 

16-256. Then, 256x.7854«20 1.0624= 
area of the base 

Then, 201.0624x28«5929.7472«solid 
contents. 




Ex. 2. What is the solidity of a cylinder, whose height 
is 424, and the circumference of its base 213 ? 

An$. 1530837. 

Ex. 3. What is the solidity of a cylinder whose length 
is 5 feet, and the diameter of the end 2 feet ? 

Arts. 15.780 solid ft. 

Ex. 4. Required the solidity of a cylinder the circumfer- 
ence of whose base is 40 feet, and the height 20 feet. 

Am. 254.656. solid ft. 

Ex. 5. The Winchester bushel is a hollow cylinder, 18^ 
inches in diameter and 8 inches deep : what is its capacity ? 

First, the area of the base=^5x .7854=268.8025. 
Then, 268.8025x8=2 150.42.00=capacity in cubic inches. 

NoTB. — By this rule, every sealer of Weights and Measures may 
determine the exact capacity of any mtasure submitted to bis inspection. 
And so any one may test the accuracy df any measure, wbether dry or 
liquid, by reducing its capacity to cubic inches and dividing by the 
number of cubic inches contained m such measure. The divisor for 
any measure may be found in the Table of Weights and Measure, 
page 9. 



PROBLEM III. 

To find the Convex Surface of a Cone. 

Art. 52. Ride. — Multiply the perimeter of the base by 

the slant height, and \ the product will be the surface, to 

which add the area of the base ■when the entire surface is 

required. 

Ex. 1. The diameter of the base of a 
right cone is 3 feet, and the slant height is 
15 feet; what is the convex surface! 

OPERATION. 

First, 3x3. 14159=9.42477=circ. of base. 
Then, 9.42477x 15^2-70.686 sq. ft. 

Ex. 2. The diameter of the base of a cone is 4.5 feet, 
and the slant height 20 feet ; what is the entire surface ? 
Ans. 157.276 sq. ft. 
Ex. 3. If the axis of a cone be 16 and the circumference 
of the base 75.4, what is the whole surface 1 

First, find the diameter, ^ of which will be the leg of the 
triangle ; then the square root of the sum of the squares of 
the perpendicular and base will be the slant height 1 

Ans. 1206.4. 
Ex 4. The circumference of the base of a cone is 10.75, 
and the slant height 18.25 ; what is the surface ! 

Ans. 98.0937. 

FEOBLEM IT. 
To find the Solidity of a Cone. 
AxT. 63. Rule. — Multiply the area of the base by i of 
the h^ht, and the product will be the Bolidi^. 
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We have already seen that the solidity of the cylinder is 
^ual to the product of the area of the base into the per- 
pendicular height, (Art 61.) Now, it may be proved by 
Geometry, that if a cone and a cylinder have the same base 
and altitude, the cone is ^ of the cylinder. Consequently, 
the solidity of the cone is equal to the area of the base into 
I of the height. 



Ex. 1. What is the solidity of a right 
•cone whose height is 10} feet, and the 
circumference of the base is 9 feet 1 




We here multiply OPCKATION. 

the area oC the base pj^^ gj^gl, and 10i^-3«3}=} height. 

by I of the height, jj^^^ 8 Ix .7854*63.6 174, area of base, 
and the product isthe ^j^ 63.6174x34=222.6609, Ans. 
solidity. ' ' ' 

Ex. 2. What is the solidity of a cone whose base is 3 
feet 6 inches in diameter, and the perpendicular height 9 
feet ? ^ns. 28.86345 cubic ft. 

Ex. 3. Required the solidity of a cone whose height is 
663, and the diameter of whose base is 101 ? 

Ans. 1770622. 

Ex. 4. What is the solidity of a cone the circumference 
of whose base is 40 feet, and the height 50 feet ? 

Jtns. 2122.1333 solid ft. 

PBOBLEM V. 

To find the Surface of a Frustrum of a Cone. 
Art. 54. Rule. — Add together the circumferences of the 
two ends, and multiply the sum by } the slant height of the 
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ihistrum; the product will be the convex surface : to which 
add the areas of the two bases when the entire surface is 
required. 

This rule is precisely the same as that for a frvdrum of 
a pyramid (Art. 41;) and if a cone be considered as a py* 
ramid of an infinite number of sides^ it is equally applicable 
to the measurement of the frustrum of a cone. 

Er. L What is the convex surface of the firustrum of a 
cone, the circumference of the greater base being 30 feet, 
and of the smaller, 10 feet, the slant height being 20 feet ? 

OPEBATION. 

30 
10^ 

40»circum« of the two ends, 
half slant heighU 10 

400 sq.ft. 

Ex. 2. Required the convex surface of the frustrum of a 
cone, the diameter of the greater base being 44, and of the 
smaller 33, and the slant height 84 1 Ans. 10159.8. 

Ex. 3. What is the entire surface of the fiiistrum of a 
cone whose slant height is 20 feet, and the diameters of the 
bases 8 and 4 feet ? Ans. 439.824 sq. ft. 

PEOBLEM VI. 

To find the ScliMy of the Frustrum of a Cone. 

Art. 55. Rule. — ^I. Add to the areas of the two ends of 
the firustrum the square root of their product. 

n. Multiply this sum by \ of the perpendicular height, 
and the product will be the solidity. 
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If a tone and a pyramidhsxe equal bases and altitudes^ 
they are equal in their solidity. Consequently, the nde al- 
ready given for ihefrustrum of a pyramid is equally appli- 
cable to the frustrum of a cone. (Art 41.) 

Ex. 1. How many cubic feet in a 
piece of round timber, the diameter of 
the greater end being 18 inches, and 
that of the smaller, 9 inches, and the 
length 14.25 feet ? 

OPERATION. 

First, 18=324, and 324x. 7854=254.4696 

'dL 81, and 81x.7854= 63.6174 

318.0870= 5 ^^^^^^^^ 

of two ends. 




Then, V/254.4696X 63.6 174= I27.23=square root of pro- 
duct of the two areas. 
And, 254.4696 
63.6174 
127.234 

445 3210 = 5 ^™ ^^ areas of two ends in inches, 
*" ) and square root of their product. 
Then, 14.25 feet= 171 inches. 
Therefore, 445.3210x171-5-1728-14.6894 solid feet. 

Ex. 2. How many gallons of ale are contained ill a cis- 
tern in the form of a conic frustrum, if the larger diameter 
be 9 feet, and the smaller diameter 7 feet, and. the depth 9 
feet 1 

PROBLEM VII. 
To find the Surface of a Sphere or Globe. 

Art. 66. Rule. — I. Multiply the diameter of the sphere 
by its circumference, and the product will be the surface* 
Or, 

II. Multiply the square of the diameter bj 3.14159. 
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Ex. 1. What is the surface of a 
sphere whose diameter is 7 feet 1 

OPERATION. L 

First, 7x3.14159=21.99113= I 

circumference. 

Then, 21.99113x7=153.93791 
sq. ft.— surface. 

Ex. 2. The dome of the Capitol at Washington b hemis- 
pherical, and is 95 feet across the base ; how many square 
feet in its convex surface ? Ans. 28352.85 sq. fi. 

Note.— By the same rule the mechanic may readily delermine (he 
number of square feel of sbealbiDg, painting, voinscating, or plastering, 
in the txlemai or inltrnal surtace of any dome, howcTer large or 
small. If Che dome be not hemispherical, it is ihe segment ot aone of a 
sphere, and its convex surface is fouud by Art. 57, foUowiog. 

Ex. 3. How many square feet of lead will it require to 
cover a hemispherical dome whose base is 13 feet across 1 
Jins. 265.5. 

NoTi.— The mrfact of tt sphere is equal to the coovei surface of a 
cylinder whose diameter is equal lo the diameter of the sphere, and 
whose height is also equal to the allilude of the sphere. Or, the stu- 
face of a sphere is equal to 4 limes the area of a circle of the same 
dianteter. Therefore, lo find the surface of a sphere, we have the fol- 
lowing concise Bole : Multipli/ the ana of a circle of Ihe nme diameter 
of ihe sphere into 4, and the product will he the entire tnrfaee. Conse- 
qnentty, ihe area of a hanisphtrt is equal to tivicc the area of the base. 
For the area of a circle is equal to the product of half the diameter into 
half the circumference, or, what is the same in [he result, J of tha 
product of (he diameter and circimference. Therefore, if the circum- 
ference of a circle be multiplied by ila diameter, the product will be 4 
, timtt Ihe area of the circle. 
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PROBLEM VIII. 

To find the Convex surface of a Spherical Zone or Segment. 

Art. 57. Bu/e.— Multiply the height of the zone or seg- 
ment by the whole circumference of the sphere of which it 
is a part, and the product will be the convex surface. 

Note— The coDvex surface of any spherical segment or «one is 
equal to that of the circumscribed cylinder, by Art. 58, (Note.) 

Ex. 1. If the axis of a sphere, be d 

42 inches, what is the convex &(ur- 
face of a segment or zone ABD^ A< 
whose height ED is 9 inches } 

OPERATION. 

First, 42x3. 14159=. 13 1.9468=circumference. 

9=height. 

1 187.52 12=surface in square inches. 

Ex. 2. If the diameter of the earth be 7930 miles, what 
is the convex surface of th^ torrid zone extending 23°20' 
on each side of the equator. « 

.Aw. 78.669.700.^5. mt/ej. 

Ex. 3. The diameter of a sphere is 26 feet and the height 
of the zone is 4 feet, what is the convex surface of the 
zone? ^7w. 314159. 

PROBLEM IX. 

1 

To find the Solidity of a Sphere or Globe. 

Art. 58. Rule I.— Multiply the surface by the diameter, 
and I of the product will be the solidity. Or, 

IL Multiply the square of the diameter by the circum- 
ference, and i of the product wUl be the contents. Or, 
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IIL Multiply Ae cube of the diameter b; tbe dedmal 
.5236. 

No».— If we pat I>=:the diameter, CsicircQoifereDce, and <S=tha 
larface o( the sphere, or its equal tlie cirenmscribing cjlindcr ; also, 
.A=the number 3.14159; Then J of Sis=the base cf the cylinttef, and 
i> is Ibeheisht of the cylinder; therefore, i ZJXS is Ihe Bolidily of the 
eylinder. But it is proved that a iplttrt is Una thirds of its circomserib- 
ing cylinder (Sup. Euc. 21.3.) Therefore, J of J Z>y S, or its equal, 
JLOx S=t'ie solidity of the sphere acc«rdbg to the first rale. 

2. Bat sioce the solidity of the oylinder is cqoel to its heftbt nuHi- 
plied into Che area of its base, (Art. SI,) and since the height and 
diameter of the cylinder an each eqnal to the diameter of the s^teie, if 
we put D again for the diameter, we shall have hy the 3d role : J)*x 
.7854XC, or I>'X'^^^^^'^'/ "^ circumsciihiiig cylinder. And 
since the solidity of the tphtre is | of this, we have I/'x-S2X=t'bit 
Mlidily of the sphere. 

3, There are certain namben frequently occarring in maAematictl 
iarettigatioDB, and particularly in determiniitg the areas of circles and 
solidities (rf spheres, ice., which cannot be made too ftmiliar to the 
mind. They are the following : 3.U159; .7854; and .S236. Thefint 
rejMresents the ratio of tne dmmftrtiiet of a cirele to its diameter ; the 
aocond eiptesses the ratio of the area of a circle to the square of the 
diaoieier ; and the third, tlie ratio of Ihe solidity of a sphere to the 
cabe of its diaaiGter. 

If we divide 3.I41S9 by 4, the qootieat is .7854 very nearly, and 
■sain S.H139 divided by 6=.5236, 



Ex. L What is the solifity of a 
globe 'whose diameter is 12 indies 1 



12x3.14159-452.38996-surface of the ^here. 
TheD, 452.38996X 12-!-6-904.78=soUdity. 

Or thus: 12-1728-cube of the diameter. 

And, 1728x.6236-904.78-«)hd caateatb 
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Ex. 2. What is the solidity of the earth, if it be a sphere, 
7930 miles diameter 1 

Ans. 261.107.000.000. cubic miles. 

Ex. 3. The diameter of a sphere is 16 ; what is its 
TOlidity ? Ans. 2144.6656. 

Ex. 4. Required the solidity of a globe whose diameter 
is 18^ inches. Ans. 3315.23 cubic inches. 

Art. 59. — Knowing the solidity of a sphere, we may 
determine the diameter by reversing the third rule in this 
article; that is, by dividing the solidity by .5236 andex- 
tracting the cube root of the quotient. 

Ex. 1. What is the diameter of a sphere whose solidity 
is 4.188.8000. 



OPERATION. 

.5236)4188.8000(8000 

4188.8 







And, v/8000=20=diameter. 



In this case we divide the 
solidity by .5236, and extract 
the cube root of the quo- 
^ent for the diameter ; and 

so the diameter of any solid 
may be found, whose capa- 
city is given. 

Ex. 2. Required the diameter of a sphere whose solidity 
is 113.0976. Ans. 6. 

Ex 3. What must be the diameter of a globe to contain 
16755 pounds of water 1 Ans. 8 /I. 

PROBLEM X. 

To find the Solidity of a Spherical SegmerU. 
A&T. 60. £ule. — To three times the square of the radius 
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of its base, add the square of its height ; then multiply the 
sum by the height, and the product by .5^36, for the con- 
tents. 

Ex. 1. What is the solidity of the 
segment ABD, the height ED be- 
ing 4 feet, and the diameter of the 
base AB being 14 feet ? 




E 



OPERATION. 

First, rx 3+4^=147+ 16=163 

Then, 163x4x .5236-341.3872 solid feet. 

Ex. 2. If the height of a spherical segment be 8 feet, 
^and the diameter of its base 25 feet, what is the solidity 1 

Arts. 2231.5832. 

Ex. 3. Required the solidity of a spherical segment 
'whose height is 6 and the radius of its base 12 ? 

jJn^. 1470.27. 

Art. 61.— The solidity of a spherical segment is fre- 
quently required when the radius of its base is not given, 
But if the diameter of the sphere and the height of the seg- 
ment be known, the solidity may be easily found by the 
following 

Ride. — ^From three times the diameter of the sphere, 
subtract twice the height of the segment ; then multiply the 
remainder by the square of the height and the product by 
the decimal .5236. 

Ex. 1. What is the solidity of a spherical segment, 
whose height is 2 feet, cut from a sphere known to be 8 
feet in diameter ? 



' First, 8xa-24-24 

4— square of height. 



Thea, 80x.623G°41.88S0, Aiu. 
Ex. 3. What is the solidity of a spherical segment, 
whose height is 3 feet, cut ftom a sphere whose diameter 
is 18 feet? .^.336.1962. 



To Jmd the SolidUy of a Spheroid. 
Akt. 63. Rtde. — Multiply the square of the revolTtng 
ass by the fixed axis ; and the product multiplied hy .6236 
\rill gire the solidity. 

Ex. 1. What is the solidity •£ 
an oblong spheroid, whose long- 
er axis is 30, and the shorter, 
30, the revolving axis being the 
diorter? 

Non. — If the generating 
tf&fee revidres tibont Its ma- 

jor axis, the spheroid is pro- nnnn 

to« orobloug; if abont iB 30x30-12000. 

Ilien, 12000X.6336-6283J2000 

ailaU. 

Ex. 1. What is the sohdity of a prolate sphertud whole 
fixed axis is 100, and revolving axis 6 feet 1 

.-^.188496. 

Ex. 3. Whet is ibe solidity of an oblate spheroid whose 
axes are 30 and 10 ? Ans. 2094.4 
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* 
Ex. 3. What is the solidity of an oblate spheroid, whose 

axes are 36 and 28 ? ^^ns. 19010.3968. 

PROBLEM XII. 

To find the Convex Surface of a Cylindaical Ring, 

Aet. 63. Ride. — ^To the thickness of the ring, add the 

inner diameter ; then multiply this smn by the thickness, 

and the product by 95696 (which is the square of 3.1416) 

and it will give the convex surface required. 

Ex. 1. The thickness Jic of a cy- 
lyndrical ring is 4 inches, and the 
inner diameter cd is 14 inches ; re- 
quired .the convex surface. 

OPEEATION. 

jfc+cd-4+14-18 
Then, 18x4x9.8696«710.612 sq. in.«convex surface. 

Ex. 2. The thickness of a cylmdrical ring is 3 incites, 
and the inner diamet^ 12 inches, what is the convex sur** 
face 1 ^n$. 444.132 sq. inches. 

Ex. 3. The thickness of a cylmdrical ring is 6 inches, 
and the inner diameter 20 inches, required the convex mr* 
face ? Ans. 1539.6576. sq. inches. 

PROBLEM Xm. 

To find the Solidity of a Cylindrical Ring. 

Abt. 64. jRt/Ze.— To the thickness of the ring, add the 

inner diameter ; then multiply the sum by the square of 

the thickness, and the product by 2.4674 (which is J of the 

square of 3.1416) and it will give the solidity. 

Ex. 1. Required the solidity of an anchor ring, whose 
inner diameter is 8 inches, tod thickness in metal 3 inches* 
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OPERATION* 

First, 3-t-8«ll 

9=sq. of thickness. 

"99x2.4674=244.272e=.solidity in inches. 

Ex. 2. The inner diameter of a cylindrical ring, is 14 
inches, and the thickness in metal 4 inches, what is the 
solidity of the ring ? •/J?^. 710.612 solid inches. 

Ex. 3. Required the solidity of a cylindrical ring, whose 
thickness is 8^ inches, and inner diameler 22^ inches 1 

Ans. 

Ex. 4. What is the solidity of a cylindrical ring, whos& 
thickness is A\ inches, and inner diameter 5^ inches T 

Ans. ' 

Ex. 5. What is the solidity of a cylindrical ring, whose 
thickness is If inches, and inner diameter 15 inches ? 

Ans. — 

PROMISCUOUS EimilPLES. 

1. What is the solidity of the greatest square prism which 
can be cut from a cylindrical stick of timber 2 feet 6 inches 
diameter, and 56 feet long? Ans. 175 cubic ft. 

2. How much water can be put into a cubical vessel 
three feet deep, \^hich has been previously filled with can- 
non balls of the same size, 2. 4. 6 or 9 inches in diameter, 
regularly arranged in tiers one directly above another 1 

Ans. 96} wine gallons. 

3. What will be the expense of painting a conical spire, 
at 8 cents per square yard, whose height is 120 iieet and 
circumference at the base 60 feet 1 Ans. $32.. 
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4. What is the solidity of .a conic frustrum whose height 
is 40 feet, the greater diameter 18 feet, and the smaller, 9 
^eet? ^ Ji^ 

5. What is the solidity of the greatest cube which can 
be cut from a sphere three feet in diameter ? 

^ns* 5y ft, 

6. What is the solidity of a cylinder whose height is 20 
feet, and the circumference of the base 20 i^^i ? 

Ans. 636.64 cubic ft, 

7. What is the solidity of a spherical segment whose 
height is 26 feet, and the diameter of the base 48 feet ? 

8. How many such globes as the earth are equal in bulk 
to the sun, if the former is 7930 miles in diameter, and the 
latter 890,000 ? ^ns. 1.413.678. 

9. The diameter of a sphere is 12 feet; required its 
fioJidity ? ^^, 

10. What is the solidity of a cylindrical ring whose 
thickness is 8 inches, and inner diameter 19 inches ? 

Ans. » 

11. What is the solidity of a prolate spheroid, whose 
axes are 55 and 33 ? Jim. 31361.022. 

12. What is the solidity of an oblide spheroid whose axes 
are 67 and 48 feet 7 jjns. 
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MOTE TO raOBLEH Tin. PAGE 50. 

The area of a circle is to the area of the circumscribed 
square as .7954 is to 1, and to that of the ir^cribed square 
as .7854 is to ^. Consequently the square described within 
a circle Is precisely half <rf the square described without it. 

To illustrate this proposition let 
(Acd in the atmexed figure be the 
inscribed square^ and ABCB the 
circumscribed square of the circle 
abed. 

The area of the circle is equal to 

OCX.7854 (Art. 19.) But the area A 

of the circumscribed square (Art. 4.) is equal to AB\ or 
the side ABy.BC. And we see that the inscribed square 
contains only 4 equal right angled triangles, while the cir«^ 
cumscribed square contains 8. 

Ex. 1. The circumference of a circle is 715, what is the 
side of the inscribed square ? (Consult Art. 20 and 24.) 

Ans. 160.9465. 

NOTE TO FROBLEM XIX. PAGE 59. 

A much shorter method for findmg the 
area of a Hyperbola is the following: 







To find the area of a Hyperbda. 
Rtde. — Multiply the base by | of the 
height and subtract tV.i of the product ; the remainder will 
be the area, very nearly. 

Ex. 1. If the base of a hyperbola be 24 feet, the height 
10 feet, and the transverse axis 30 ; what is the area ? 

OPERATION 

24X61=160. Then, 160^.33-151.67 .4n*. 



TABLES OP SQUARES AND CUBES, 
To facilitate the Mensuration of the Surfaces and SoKdUies of $oijUs, 



Number. 


FquArft. 


Cube. 


1 Number. 


FViaare. 


Cube. 


1 


1 


1 


50 


2500 . 


125000 


2 


4 


8 


51 


2601 


132651 : 


3 


9 


27 


52 


2704 


140608 ; 


4 


16 


64 


53 


2809 


148877 : 


5 


25 


125 


54 


2916 


157464 . 


6 


3d 


216 


55 


3025 


166375 


7 


49 


343 


56 


3136 


175616 


8 


64 - 


512 


57 


3249 


185193 


9 


81 


729 


58 , 


3364 


195112 


10 


100 


1000 


59 


3481 


205379 


U 


121 


1331 


60 


3600 


216000 


12 


144 


1728 


61 


3721 


226981 


13 


169 


2197 


• 62 


3844 


238328 


14 


196 


2744 


63 


3969 


250047 


15 


225 


3375 


64 • 


4096 


262144 


16 


256 


4096 


65 


4225 


274625 


17 


289 


4913 


66 


4356 


287496 


48 


324 


5832 


67 


4189 


300763 


19 


361 


6859 


68 


4624 


314432 


20 


400 


8000 


69 


4761 


328509 


21 


441 


9261 


,70 


4900 


343000 


22 


484 


10648 


71 


5041 


357911 


23 


529 


12167 


72 


5184 ■ 


373248 


24 


576 


13824 


73 


5329 


389017 


25 


625 


15625 


74 • 


5476 


405224 


26 


676 


i7576 


75 


5625 


421875 


27 


729 


19683 


76 


5776 


438976 


28 


784 


21952 • 


77 


5929 


456533 


29 


841 


24389 


78 


6084 


474552 


30 


900 


27000 


79 


6241 


493039 


31 


961 ■ 


29791 


80 


6400 


512000 


32 


1024 


32768 


81 


6561 


531441 


33 


1089 


35937 


82 


6724 


551368 


34 


1156 


39304 


83 


6889 


571787 


35 


1225 


42875 


84 


7056 


592704 


36 


1296 


46656 


85 


7225 


614125 


37 


1369 


50653 


86 


7396 


636056 


38 


1444 


54872 


87 


7569 


658503 


39 


1521 


59319 


88 


7744 


681472 


40 


1600 


64000 


89 


7921 


704969 


41 


1681 


68921 


90 


8100 


729000 


42 


1764 


74088 


91 


8281 


753571 


:43 


1849 


79507 


92 


8464 


778688 


44 


1936 


85184 


93 


8649 


804357 


.45 


2025 


91125 


94 


8836 


830584 


46 


2116 


97336 


95 


9025 


857375 


47 


2209 


103823 . 


96 


9216 


884736 


48 


2304 


110592 


97 


9409 


912673 


.49 


2401 


117649 


98 


9604 


941192 



66 



KESSTBATION. 



f - 
Nomber. 


Square. | 


Cttbe. 1 


Number. 


Square. 


1 Cobe. 


99 


9801 


970299 


150 


22*^00 


3375000 


100 


lOOCO 


1000000 


151 


22801 


3442951 


101 


10201 


1030301 


152 


23104 


3511808 


102 


10404 


1061208 


153 


2340^ 


3581577 


103 


101^09 


1092727 


154 


23716 


3652264 


104 


10816 


1124864 


♦ 155 


24025 


3723875 


105 


11025 


11576^5 


166 


24336 


3796416 


lot) 


11236 


1191016 


157 


24649 


3869893 


107 


11449 


1225043 


158 


24964 


3941312 


108 


11664 


1259712 


159 


25281 


4019679 


109 


11881 


1295029 


160 


25600 


4096000 


110 


12100 


1331000 


161 


25921 


4173281 


111 


12321 


1367631 


162 


26241 


4251528 


112 


13544 


1401928 


163 


26569 


4330747 


113 


12769 


1442897 


164 


26896 


4410944 


114 


12996 


1481544 


165 


27225 


4492125 


115 


13225 


1520875 


166 


27556 


4574296 


116 


13456 


1560896 


167 


27889 


4657463 


117 


126S9 


1601613 


168 


28224 


4741632 

48tW)9 


118 


13924 


1643032 


169 


28561 


119 


14161 


1685159 


170 


28900 


4913000 


120 


14400 


1728000 


17 r 


29241 


5000211 


121 


14641 


1771561 


172 


29584 


5088448 


122 


14S64 


1815848 


173 


29929 


5177717 


123 


15129 


1860667 


174 


30276 


5268024 


124 


15376 


1906624 


175 


30625 


5359375 


125 


15625 


1953125 


176 


30976 


5451776 


126 


15876 


2000376 


177 


31329 


6545233 


127 


16129 


2048383 


178 


31684 


5639752 ' 


128 


16384 


2097152 


179 


32041 


5735339 


129 


16641 


2146689 


180 ' 


32400 


5832000 


130 


16900 


2197000 


181 


32761 


592974 1 


131 


17161 


2248091 


182 


33124 


602S568 


132 


17424 


2299968 


183 


33489 


6128487 


-133 


17689 


2352637 


184 


33856 


6229504 


134 


17956 


2406104 


• 185 


34225 


6331625 


135 


18225 


2460375 


186 


34596 


6434856 


136 


18496 


2515456 


187 


34969 


6539203 


137 


18769 


2571353 


188 


35344 


6644672 


133 


19044 


2628072 


189 


35721 


6751269 


139 


19321 


2685619 


190 


36100 


6859000 


140 


19600 


2744000 


191 


36481 


6967871 


141 


19881 


2803221 


192 


36864 


7077888 


142 


20164 


2863288 


193! 


37249 


7189057 


143 


20449 


2924207 


194 


37636 


7301384 


144 


20736 


2985984 


195 


38025 


7414875 


145 


21025 


3048625 


196 


38416 


7529536 


146 


21316 


3112136 


197 


38809 


7645373 


147 


21609 


3176523 


198 


39204 


7762392 


148 


21904 


3241792 


199 


39601 


7880599 


349 


22201 


3307949 


300 


^ 40000 


soooooa I 



TABLES OF flQCARBS AVO CU6E9. 



90 



Numkir. 1 


Square. 


Cuba. 


Nnmlmf. 


Square. 
63001 


1 Cube. 


201 


40401 


8120601 


25 1 


15813251 


202 


40804 


8242408 


252 


63504 


16003008 


203 


41209 


8365427 


253 


64009 


16194277 


204 


41616 


8489664 


254 


64516 .\ 


16387064 


205 


42025 


8615125 


255 


65025 


16581375 


206 


42436 


8741816 


256 


65536 


16777216 


207 


42849 


8869743 


257 


66049 


16974593 


208 


43264 


8998912 


258 


665»>4 


17173512 


209 


43681 


9123329 


259 


67081 


17373979 


210 


44100 


9261000 


260 


67600 


17576000 


2U 


44521 


9393931 


261 


68121 


17779581 


212 


44944 


9528128 


262 


68644 


17984728 


213 


45369 


9663597 


2b3 


69169 


18191447 


214 


45796 


9800344 


264 


69696 


18399744 


215' 


46225 


9938375 


265 


70225 


18609625 


216 


46656 


10077696 


266 


70756 


18821096 


217 


47069 


10218313 


267 


• 71289 


19034163 


218 


47524 


10360232 


268 


71824 


19248832 


219, 


47961 


10503459 


269 


72361 


19165109 


910 


48400 


10648000 


270 


27900' 


19683000 


221 


48841 


10793861 


271 


73441 


19902511 


222 


49284 


10941048 


272 


73984 


20123648 


223 


49729 


11089567 


273 


74529 


20346417 


224 


50176 


11239424 


274 


75076 


20570824 


225 


50i525 


11390625 '■ 


275 


. 75625 


20796875 


S26 


51076 


11543176 


276 


76176 


21024576 


227 


51529 


116970ai 


277 


76729 


21255933 


228 - 


51984 


11852352 


278 


77284 


21484952 


229 


52441 


12008989 


279 


77841 


21717639 


230 . 


52900 


12167000 


280 


78400 


21952000 


231 , 


53361 


12326391 


281 


78961 


22188041 


23g , 


53824 


12487168 


282 


79524 


2242-5768 


233 


54289 


12649337 


283 


80089 


22665187 


234 ' 


54756 


12812904 


284 


80656 


22906304 


235 


55225 


12977875 


. 285 


81225 


23149125 


236 


55696 


13144256 


286 


81796 


23393656 


237 


56169 


13312053 


287 


82369 


23639903 


238 


56644 


13481272 


288 


82944 


23887872 


239 


57121 


13651919 


289 


83521 


24137569 


240 


57600 


13824000 


290 


84100 


24389000 


241 


58081 


13997521 


291 


84681 


24642171 


242 


58564 


14172488 


292 


85264 


24897083 


243 


59049 


14348907 


293 


85849 


25153757 


244 


59536 


i 4526784 


294 


86436 


25412184 


245 
246 


60025 


14706125 


295 


87025 


25672375 


60516 


14886936 


296 


87616 


25934336 


247 


61009 


15069223 


297 


88209 


26198073 


248 


61504 


15252992 


298 


88804 


26463592 


249 


62001 


15438249 


299 


89401 


26730899 


250 


62500 


15525000 


300 


90000 


27000000 



im 



fteNBTTftATAHlr. 



Number. 


Sqvftre. 


Cube. 1 


Number. 


Bquani. 


Onb». 


301 


90601 


27270901 


351 


123201 


^3243551 


302 


91204 


27543608 


35? 


123904 


4361420B 


303 


91809 


27818127 


353 


124609 


43986977 


304 


92416 


28094464 


354 


125316 


44361864 


305 


93025 


28372625 


355 


126025 


44738875 


306 


93636 


28652616 


356 


126736 


45118016 


307 


94249 


28934443 


357 


• 127449 


45499293 


308 


94864 


29218112 


358 


L28164 


45882712 


309 


95481 


29503629 


359 


128881 


46268279 


310 


96100 


29791000 


360 


129600 


46656000 


311 


96721 


30080231 


361 


130321 


47045881 


312 


97344 


30371328 


362 


131044 


47437928 


313 


97969 


30664297 


363 


131769 


47832147 


314 


9859^ 


30959144 


364 


132496 


4822^544 


315 


99225 


31255875 


365 


133225 


48627125 


316 


99856 


31554496 


366 


133956 


49027896 


317 


100489 


31855013 


367 


134689 


49430853 


318 


101124 


32157432 


368 


135424 


49836032 


319 


101761 


32461759 


369 


136161 


50243409 


320 


102400 


32768000 


370 


136900 


50653900 


321 


103041 


33076161 


371 


13764 1 


51064811 


322 


103684 


33386248 


372 


138384 


51478848 


323 


104329 


33698267 


373 


139129 


51896117 


324 


104976 


34012224 


374 


139876 


52313624 


325 


105625 


34328125 


375 


140625 


52734375 


326 


106276 


34645976 


376 


141376 


53157376 


327 


106929 


34965783 


377 


142129 


53582633 


328 


107564 


35287552 


378 


142884 


54010152 


329 


108241 


35611289 


379 


143641 


54439939 


330 


108900 


35937000 


380 


144400 


548720G0 


331 


109561 


36264691 


381 


145161 


55306341 


332 


110224 


36594368 


382 


145924 


55742968 


333 


1 10889 


36926037 


383 


146689 


56181887 


334 


111556 


37259704 


384 


147450 


56623104 


335 


112225 


37595375 


385 


14S225 


570rt6625 


336 


112896 


37933056 


386 


148996 


57512466 


337 


113569 


38272753 


387 


149769 


57960603 ^ 


338 


114244 


38614472 


388 


150544 


58411072 


339 


114921 


38958219 


369 


151321 


588638^9 


340 


115600 


39304000 


390 


152100 


69319000 


341 


116281 


39651821 


391 


152881 


59776471 


342 


116964 


40001688 


392 


153664 


60236288 


343 


117649 


40353607 


393 


154449 


60698467 


344 


118336 


40707584 


394 


155236 


61162984 


345 


119025 


41063626 


395 


156025 


61629875 


346 


119716 


41421736 


396 


156816 


62099136 


347 


1R0409 


41781923 


397 


157609 


62570773 


348 


121104 


42144192 


€98 


158404 ; 


63044792 


349 


121801 


42508549 


399 , 


159201 : 


63521199 


350 


122500 


42875000 


400 


160000 


64000000 i 



TABLES OP SQVMBS JOD CUBES, 



101 



jffttmtfr.. 


Square. 


Cube. 


NuiiiiMf. 1 


Square. 1 


Cube. 


401 


160801 


64481201 


451 


203401 


91733851 


402 


161604 


64964808 


452 


204304 


92345408 


403 


162409 


65450827 


453 


205209 


•r ^P %^ M, %^ & \^ \^ 

92959677 


404 


163216 


65939264 


454 


306116 


■* ^^F ^^ ^^ •^ X^ W W 

93576664- * 


405 


164025 


66430125 


455 


207025 


^r ^^ ^^ ■ ** ^^ X#^ ^h 

94196375 


406 


164836 


66923416 


455 


207936 


94818816 


407 


165649 


67419143 


457 


208849 


95443993 


408 


166464 


67917312 


458 


209764 


96071912 


409 


167281 


68417929 


459 


210681 


^^ ^^ " * ^ 4» ^^ «fc "^^ 

96702579 


410 


168100 


68921000 


460 


211600 


97336000 


411 


168921 


69426531 


461 


212521 


97972181 


412 


169744 


69934528 


462 


213444 


98611128 


413 


170569 


70444997 


463 


214369 


99252847 


414 


171396 


70951944 


464 


215296 


99897344 


415 


172225 


71473375 


465 


216225 


100544625 


416 


173056 


71991296 


466 


217156 


101194696 


417 


173889 


72511713 


467 


218089 


101847563 


418 


174724 


73034632 


468 


219024 


102503232 


419 


175561 


73560059 


469 


219961 


103161709 


420 


176400 


74088000 


470 


220900 


103823000 


421 


177241 


74618461 


471 


221841 


104487111 


422 


178084 


75151448 


472 


222784 


105154048 


423 


178929 


76686967 • 


473 


223729 


105823817 


424 


179776 


76225024 


474 


224676 


106496424 


425 


186625 


76765625 


475 


•225625 


107171875 


426 


181476 


77308776 


476 


226576 


107850176 


427 


182329 


77854483 


477 


227529' 


108531333 


428 


183184 


78402752 


478 


228484 


109215352 


429 


184041 


78953589 


479 


229441 


109902239 


430 


184900 


79507000 


480 


230400 


110592000 


431 


185761 


80062991 


481 


231361 


111284641 


432 


186624 


80621568 


482 


232324 


111980168 


433 


187489 


81182737 


483 


233289 


112678587 


434 


^88356 


81746504 


484 


234256 


113379904 


433 


189225 


82312875 


485 


235225 


114084125 


436 


190096 


82881856 


486 


236196 


114791256 


437 


190969 


83453453 


487 


237169 


115501303 


438 


191844, 


84027672 


488 


238144 


116214?72 


439 


192721 


84604519 


489 


239121 


116930169 


440 


193600 


85184000 


490 


240100 


117649000 


441 


194481 


85766121 


491 


241081 


118370771 


442 


195364 


86350888 


492 


242064 


119095488 


443 


196249 


86938307 


493 


243049 


119823157 


444 


197136 


8^528384 


494 


244036 


120553784 


445 


198025 


88121125 


495 


245025 


121287375 


446 


198916 


88716536 


496 


246016 • 


122028936 


447 • 


199809 


89314623 


497 


247009 


122763473 


448 


200704 


89915392 


498 


248004 


123605992 


449 


201601 


905J8849 


499 


249001 


124251499 


450 


202500 


91125000 


500 


250000 


125000000 



102 



MEmBKATTON. 



iNumbcf. 


ftquare. 


Cube. 


Number. 


Squere. 


Cube. 


501 


251001 


125751501 


551 


303601 


167284151 


502 


252004 


120506008 


552 


304704 


168196608 


503 


253009 


127263527 


553 


305809 


16911S377 


. 504 


254016 


• 128024064 


554 


306916 


170031464 


505 


255025 


128787625 


555 


308025 


170953875 


506 


256036 


129554216 


556 


309136 


17187S616 


507 


257049 


130323843 


551 


310249 


172806693 


508 


258064 


131096512 


£58 > 


311364 


173741112 


509 


269081 


131872229 


559 


312481 


174676879 


510 


260100 


132651000 


f 560 


313600 


175616000 


511 


261121 


133432881 


561 


314721 


176558481 


512 


262144 


134217728 


562 


315844 


177504328 


513 


263169 


135005697 


563 


316969 


178453547 


514 


261196 


13579.6744 


.564 


318096 


179406144 


515 


265225 


136590875 


^65 


319225 


180362125 


516 


266256 


137388096 


566 


320356 


161321496 


517 


267289 


138188413 


^h7 , 


321489 


182284263 


518 


268324 


138991832 


568 


322624 


183250432 


519 


269361 


139798359 


569 


323761 


184220009 


520 


270400 


140608000 


570 


324900 


185196000 


521 


271441 


141420761 


571 


326041 


186169411 


522 


272484 


142236648 


572 


327184 


187149248 


523 


273529 


143055667 


573 


328329 


188132517 


524 


274576 


143877824 


574 


329476 


1S91 19224 


525 


275625 


144703125 


575 


330625 


190109375 


526 


276676 


145531576 


576 


331776 


191102976 


527 


277729 


116363183 


577 


332929 


192100033 


528 


278784 


147197952 


578 


334084 


193100552 


529 


279841 


148035889 


579 


335241 


194104539 


530 


280900 


148877000 


580 


336400 


195112000 


531 


281961 


149721291 


581 


337561 


196122941 


532 


283024 


150568768 


582 


338724 


197137368 


533 


284089 


151419437 


583 


339889 


198155287 


534 


285156 


152273304 


584 


341056 


199176704 


535 


286225 


. 153130375 


5^5 


342223 


200201625 


536 


287296 


153990656 


586 


343396 


201230056 


537 


288369 


154854153 


587 


344569 


202262003 


538 


2-^9444 


155720872 


588 


345744 


203297472 


539 


290521 


156590819 


589 


346921 


204336469 


540 


291600 


157464000 


590 


348100 


2U5379000 


541 


292681 


158340421 


591 


349281 


206425071 


542 


293764 


159220088 


592 


350464 


207474688 


543 


294849 


160103007 


593 


351649 


208527857 


544 


295936 


160989184 


594 


352836 


209584584 


545 


297025 


161878625 


595 


354025 


210644875 


546 


298116 


162771336 


596' 


355216 


211708736 


547 


299209 


163667323 


597 


356409 


212776173 


548 


300304 


164566592 


598 


357604 


213847192 


549 


301401 


165469149 


599 


358801 


214921799 


550 


302500 


166375000 


600 


360000 


216000000 



TABLES or SQUAMES AMD CUBES. 



108 



iNomben 


Squiure. 


1 Cube. 1 


Numb«r. 


f^quaie. 


Cube. 


601 


361201 


217081801 


651 


423801 


275894451 


602 


362404 


218167208 


652 


425104 


277167b08 


603 


3036O9 


219256227 


653 


4264(i9 


278445077 


604 


364816 


220348864 


654 


427716 


279726264 


605 


366025 


221445125 


655 


429025 


281011375 


6(.»6 


367236 


222545016 


656 


430336 


282300416 


607 


368449 


22364b543 


657 


431649 


283593393 


608 


369664 


224755712 


658 


4329^4 


2848911312 


609 


370^81 


225866529 


659 


434281 


286191179 


610 


372100 


226981000 


660 . 


435600 


287496000 


611 


373321 


228U9yi31 


661 


436921 


286804781 


612 


374544 


229220928 


662 


438244 


2'JO 117528 


613 


375769 


230346397 


663 


439569 


291434247 


614 


376996 


231475544 


664. 


440896 


292754944 


615 


378225 


232608375 


665 


442225 


294079625 


616 


379456 


233744896 


666 


443556 


295408296 


617 


380689 


234885113 


667 


• 444889 


296740963 


618 


381924 


236029032 


668 • 


446224 


298077632 


619 


383161 


237176659 


669 


447561 


299418309 


620 


384400 


238328000 


670 


448900 


300763000 


621 


385641 


239483061 


671 


450241 


3021117U 


622 


386884 


240641848 


672 


4515S4 


303464448 


623 


388129 


241804367 


673 


452929 


304821217 


624 


389376 


242970624 


674 


454276 


3061820^4 


625 


390625 


244140625 


675 


455625 


307546875 


636 


391876 


245314376 


676 


456976 


30S915776 ' 


627 


393129 


246491883 


677 


458329 


310288733 


628 


394384 


247673152 


678 


459684 


311665752 


. 629 


.395641 


2488581S9 


679 


4610J1 


313046b39 


630 


396900 


250047000 


680 


462400 


314432000 


631 


•^8161 


251239591 


681 


463761 


315821241 


632 


399424 


252435968 


682 


465124 


317214568 


633 


400689 


253636137 


683 


466489 


• 318611987 


634 


401956 


254840104 


684 


4(j7856 


320013504 


635 


403225 


256047875 


685 


469225 


321419125 


636 


404496 


257259456 


686 


470596 


322828856 


637 


405769 


258474853 


687 


471969 


324242703 


638 


407044 


259694072 


688 


473344 


325660672 


639 


408321 


260917119 


689 


474721 


327082769 


640 


409600 


262144000 


690 


476100 


328509000 


641 


410881 


263374721 


691 


477481 


329939371 


642 


412164 


264609288 


.692 


478864 


331373888 


643 


413449 


265847707 


693 


480249 


332812557 


644 


414736 


2670S9984 


694 


481636 


334255384 


645 


416025 


268336125 


695 


483025 


335702375 


646 


417316 


2695-^6136 


696 


48441(3 


337153536 


647 


418609 


270840023 


697 


485809 


336608873 


648 


419904 


272097792 


698 


487204 


340068392 


649 


421201 


273S59449 


699 


468601 


341532099 


650 


422500 


274625000 


700 


490000 


343000000 
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KOISORATfON. 



M umber. 



701 
702 
7U3 
704 
705 
706 
707 
708 
709 
710 
711 
712 
713 
714 
715 
716 
717 
718 
719 
720 
721 
722 
723 
724 
725 
726 
727 
728 
729 
730 
731 
732 
733 
734 
735 
736 
737 
738 
739 
740 
741 
742 
743 
744 
745 
746 
747 
748 
749 
760 



Sqtert. I Cube. Ij Nutrfnir. \ Squaw. | Cube. 



i 



491401 
492804 
494209 
495616 
497025 
498436 
499849 
501264 
502681 
504100 
505521 
506944 
508369 
509796 
511225 
51)2656 
514089 
515524 
516961 
518400 
519841 
521284 
522729 
524176 
525625 
527076 
528529 
529984 
531441 
532900 
534361 
535824 
537289 
538756 
540225 
541696 
543169 
544644 
546121 
5147600 
549^81 
550564 
552049 
553536 
555025 
556516 
558009 
559504 
561001 
•562500 



314472101 
345946408 
347428927 
348913664 
350402625 
351895816 
353393243 
354894912 
356400829 
357911000 
359425431 
360944128 
362467097 
363994344 
365525875 
367061696 
368601813 
360146232 
371694969 
373248000 
374805361 
3763'i7048 
377933067 
379503424 
381U78125 
382657176 
384240583 
385828352 
387420489 
389017000 
390617891 
392223168 
393832837 
395446904 
397065375 
398688256 
400315553 
401947272 
403583419 
405224000 
406869021 
408518488 
410172407 
411830784 
413493625 
415160936 
416832723 
418508992 
420189749 
42187^00 



751 
752 
753 
754 
755 
756 
757 
758 
759 
760 
761 
762 
763 
764 
765 
766 
767 
768 
769 
770 
771 
772 
773 
774 
775 
776 
777 
778 
779 
780 
781 
782 
783 
784 
785 
786 
787 
788 
789 
790 
791 
792 
793 
794 
795 
796 
797 
798 
799 
'800 



564001 
665504 
567009 
56»516 
570025 
571536 
573049 
574564 
576081 
577600 
579121 
580644 
582169 
583696 
565225 
586756 
568289 
589824 
591361 
592900 
594441 
595984 
597529 
699076 
600625 
602176 
603729 
605284 
606841 
608400 
609961 
611524 
613089 
614656 
616225 
617796 
619369 
620944 
622521 
624100 
625681 
627264 
628849 
630436 
632025 
633616 
636209 
636804 
638401 
' 640000 



423564761 
425259008 
426957777 
428661064 
430368875 
432081216 
433798093 
436519512 
437246479 
438976000 
440711061 
442450728 
444194947 
445943744 
447697125 
449455096 
451217663 
452984832 
454766609 
456533000 

\ 458314011 
460099648 
461889917 
463684824 
465464376 
467268576 
469097433 
470910952 
472729139 
474562000 
476379641 
478211768 
480048687 
481890304 
483736025 
485567656 
487443403 
489303872 
491169069 
493039000 
494913671 
496793088 
498677257 
600566184 
602459875 
604368336 
506261673 
608169692 
610062399 

I 612000000 
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Number. 


0qmi«. 


1 Cub«. 


1 Number. 


Square. 


Cube. 


801 


641601 


513922401 


851 


724201 


616295051 


802 


643204 


515849608 ' 


852 


725904 


618470208 


803 


644809 


517781627 


853 


727609 


620650477 


804 


646416 


519718464 


854 


729316 


622835864 


805 


648025 


621660125 


855 


731025 


625026375. 


806 


649636 


523606616 


856 


732736 


627222016 


807 


651249 


525557943 


857 


734449 


629422793 


80S 


652864 


527514112 


. 858 


736164 


631628712 


809 


654481 


529475129 


859 


737881 


633839779 


810 


656100 


531441000 


860 


739600 


636056000 


811 


657721 


533411731 


861 


741321 


638277381 


812 


659344 


535387328 


862 


743044 


640503928 


813 


660969 


537367797 


863 


744769 


642735647 


814 


662596 


539353144 


864 


746496 


644972544 


815 


664225 


541343375 


865 


748225 


647214625 


816 


665856 


543338496 


866 


749956 


649461896 


817 


657489 


545338513 


867 


751689 


651714363 


818 


669124 


547343432 


,868 


753424 


653972032 


819 


670761 


549353259 


869 


755161 


656234909 


820 


672400 


551368000 


870 


756900 


658503000 


821 


674041 


553387661 


871 


758641 


660776311 


822 


675684 


555412248 


872 


760384 


663054848 


823 


677329 


557441767 


873 


762129 


665338617 


824 


678976 


559476224 


874 


763876 


667627624 


825 


680625 


561515625 


875 


765625 


669921875 


826 


682276 


563559976 


■ 876 


767376 


672221376 


827 


683929 


565609283 


•877 


769129 


674526133 


8^8 


685584 


567663552 


878 


770884 


676836152 


829 


687241 


569722789 


'879 


772641 


679151439 


830 


688900 


571787000 


880 


774400 


681472000 


831 


690561 


573856191 


881 


776161 


683797841 


832 


692224 


575930368 


882 


777924 


686128968 


833 


693889 


578009537 


883 


779689 


688465387 


834 


695556 


580093704 


884 


781456 


690807104 


835 


697225 


582182875 


885 


783225 


693154125 


'836 


698896 


584277056 


886 


784996 


695506456 


837 


700569 


586376253 


887 


786769 


697864103 


838 


702244 


•588480472 


888 


788544 


700227072 


839 


703921 


590589719 


889 


790321 


702595369 


840 


705600 


592704000 


890 


792100 


704969000 


841 


707281 


594823321 


891 


793881 


707347971 


842 


708964 


596947688 


892 


795664 


709732288 


843 


710649 


599077107 


893 


797449 


712121957 


844 


712336 


601211584 


894 


799236 


714516984 


845 


714025 


603351125 


895 


801025 


716917375 


846 


715716 


605495736 


896 


802816 


719323136 


847 


717409 


607645423 


897 


804609 


721734273 


848 


719104 


609800192 


898 


806404 


724150792 


849 


720801 


611960049 


899 


808201 


726572699 


850 


722500 


614125000 


900 


810000 


729900000 



liU 




MENSURATION. 








Mumber. 
901 


Square. 


Cub«. [| Number. 


8quai«. 


Cab* 




811801 


731432701 


951 


904401 


860085351 




902 


813604 


733870808 


952 


906304 


862801408 




903 


815409 


736314327 


953 


908209 


865523177 




904 


817216 


738763264 


954 


910116 


868250664 




905 


819025 


741217625 


955 


912025 


870983875 




906 


820836 


743677416 


956 


913936 


873722816 




907 


822649 


746142643 


957 


915849 


876467493 




908 


. 824464 


748613312 


958 


917764 


879217912 




909 


826281 


751089429 


959 


919684 


881974079 • 




910 


828100 


753571000 


960 


921600 


884736000 




911 


829921 


756058031 


961 . 


923521 


887503681 




912 


831744 


758550528 


• 962 


925444 


8902771-28 


» 1 


913 


833569 


761048497 


963 


927369 


893056347 


• 


914 


835396 


763551944 


964 


929296 


895841344 




915 


837225 


766060875 


965 


931225 


898632125 




916 


839056 


768575296 


966 


933156 


901428696 




917 


840889 


771095213 


967 


935089 


904231063 




918 


842724 


773620632 


968 


937024 


907039232 




919 


844561 


776151559 


969 


938961 


909853209 




920 


846400 


778688000 


970 


940900 


912673000 




921 


848241 


781229961 


971 


942841 


915498611 




922 


850084 


783777448 


972 


944784 


918330048 




923 


851929 


786330467 


973 


946729 


921167317 




924 


853776 


788889024 


974 


948676 


924010424 




925 


855625 


791453125 


975 


950625 


926859375 




926 


857476 


794022776 


976 


952576 


929714176 




927 


859329 


796597983 


977 


'954529 


932574833 




928 


861184 


799178752 


979 


956484 


935441352 




929 


863041 


801765089 


979 


958441 


938313739 




930 


864900 


804357000 


980 


960400 


941192000 




931 


866761 


806954491 


981 


962361 


944076141 




932 


868624 


809557568 


982 


964324 


946966168 




933 


870489 


812166?37 


983 


966289 


949862087 




934 


872356 


814780504 


984 


968256 


952763904 




935 


874225 


817400375 


985 


970225 


955671625 




936 


876096 


820025856 


986 


972196 


958585256 




937 


• 877969 


622656953 


987 


974169 


961504803 




938 


879844 


825293672 


988 


976144 


964430272 




939 


881721 


827936019 


989 


978121 


967361669 




940 


883600 


830584000 


990 


980100 


970299000 




941 


885481 


833237621 


991 


982081 


973242271 




942 


887364 


835896888 


992 


984064 


976191488 




943 


889249 


838561807 


993 


986049 


979146657 




944 


891136 


841232384 


994 


988036 


982107784 




945 


893025 


843908625 


995 


990025 


985074875 




946 


894916 


846590536 


996 


992016 


988047936 




947 


896809 


849278123 


997 


994009 


991026973 




948 


898704 


851971392 


998 


996004 


994011992 




949 


900601 


854670349 


999 


998001 


997002999 




950 


902500 


857375000 


1000 


lOOQOOO' 


1000000000 





TABLES OP SQUARES AlfD CUBES. ill 

To find the Square af a greater Number than is contained in the Table, 

Bulk 1.— If the nnmber reqotred to be squared exceed, by2) 3, 4, or 
noy other number of times, any number contained in the table, let the 
square affixed to the number in the table be multiplied by the square 
of 2, 3, or 4, Ace, and the product will be the answer sought. 

BxAMFLE. — Required the square of 2595. 

2595 is three times greater than 865 ; and the square of 865, as per 

table, is 748225. > 

Then, 748225 X3«=6734025, Ans. 

RuLS 2. — If the number required to be squared be an odd number, 
and do not exceed twice the amount of any number contained in the 
table, find tbe two numbers nearest to each other, which, added together, 
maJce that ;si;m ; then, the sum of the squares of these two numbers, as 
per table, multiplied by 2, will exceed the square required by X. 

^fAMTLfi.— Required the square of 1865. 

932 ) 
Two nearest numbers g^g [ =1865. ^ 

Then, per table, | 933^870439 j =17391 13 X2=3478?26-1 
»3478225, Ans. 

T9 find the Cube of a greater Number than is contained in the Table. 

Rule. — Proceed, as in squares, to find how many times the number 
required to be cubed exceeds a nuinber contained in the table. Multi- 

gly the cube of that number by the cube of as many times as the num- 
er sought exceeds the number in the table, and the product will be the 
answer required. 

Example. — Required the cube of 3984. 

3984 is 4 times greater than 996 ; and the cube of 996, as per table, 
is 988047936. 

Then, 988047936 X 4^ = 63235067904, Ans. 

To find the Squares of Numbers fallowing each other in arithmetical 

progression. 

Rule.— Find, in the usual manner, the squares of the first two num- 
bers, and subtract the less from the greater. Bring down, in a sepa- 
rate column, the square of the largest of these two numbers, and add' 
it to the difference, with the addition of 2 as a constant quantity ; the 
product will be the square of the next ensuing number. 

Example 1.-?- Suppose it be required to extend the foregoing table pf 
squares. 

Then, 1000*= 1000000 
999^ 998001 

1999 Difference. 



112 MENSURATION. 

■ « 

1000000 the Sqnare of 1000« 
Difference 1999 + 2 = 2001 

1002001 the Square of 1001. 
s Difference 2001 + 2 = 2003 

1004004 the Sqnare of 1002. 
Difference 2003 + 2 = 2005 

1006009 the Square of 1003. 
Difference 2005 + 2 = 2007 • 

, 1008016 

Tn a similar manner the squares of any number^, following eaph 
other in arithmetical progression may be found j or the foregoing tajt^. 
may easily be extended to any required length. 

To find the Cubes of Numbers following each otMr in ariihmeticdl 

progression. 

The cubes of a natural series of numbers may be found by a method 
very similar to that used for the squares ; but as two series of differ- 
eiices have to be added, in the cubes, the operation is somewhat more 
complex. 

Rule. — Find the cubes of the first two numbers, and subtract th,e 
less from the greater. Then, multiply the least of th^e two numben 
cubed by 6 ; add the product, with the addition of 6 as a constant qua&« 
tity, to the difference j and thus continue the first series of difference;^. 

For the second series of differences, bring down, in a separate coi: 
lumn, the cube of the highest of the above numbers, and add tb* 
difference to it. The amount will be the cube of the next gcAieral 
number. 

Example.— Required the cubes of 1001, 1002^ 1003, and 1004. 

Second series of differences. 

Then, 1000000000 Cube of 1000. 
Diff. for 1000 sc 3003001 

1003003001 Cttbo oflOOl. 
Diff. for 1001 » 3009007 

1006012008 Cube of lOOS. 
Diff. for 1002 s 3015019 

1009087037 CabeofKN)9. 
Diff for 1003= 3021037 

1012048064 CabeoflOOi 



First series of differences. 

PerTab. 10003= 1000000000 
9293= 997002999 


999x64^6 = 
6000^6 = 


2997001 diff. 
6000 

3003001 diff. of 1000. 
' 6006 


6006-f6;» 
eO]S-fr6» 


3009007 diff. ofJlOOl. 
6012 .. 

3015019 diff. of 1002. 
6018 




3021037 diff. of 1003. 



TABLES OF SQUARE AND CUBE ROOTS, 
To facilitate the Mensuration of the Surfaces and Solidities of Bodiet. 



Nnmber. 


Fquere Roojt. 


1 Cube Root. II Number. 


Square Root. | 


Cube Hoot. 


1 


1.0 


1.0 


50 


7.0710678 


3.684031 


2 


1.4142136 


1.259921 


51 


7.1414284 


3.708430 


3 


1.7320508 


J. 442250 


52 


72111026 


3.732511 


4 


2.0 


1.587401 


53 


7.2801099 


3.756286 


5 


2.2360680 


1.709976 


54 


7.3481692 


3.779763 


6 


2.4494897 


1.817121 


55 


7.4161985 


3.802953 


7 


2.6457513 


1.912933 


56 


7.4833148 


3.825862 


8 


2.8284271 


2.0 


57 


7.5498344 


3.848501 


9 


3.0 . 


2.080084 


58 


7.6157731 


3.870877 


10 


3.162277V 


2.154435 


59 


7.6811457 


3.592996 


11 . 


3.3166248 


2.223980 


60 


7.7459667 


3.914867 


12 


3.4641016 


2.289428 


61 


7.8102497 


3.936497 


13 


3.6055513 


2.351335 


62 


7.8740079 


^.957892 


14 


3.7416574 


2410142 


63 


7.9372539 


3.979057 


15 


3.8729833 


2.466212 


64 


80 


4.0 


16 


4.0 


2.519842 


65 


8.0622577 


4.020726 


17 


4.1231056 


2.571282 


66 


8.1240384 


4.041240 


18 


4.2426407 


2.620741 


67 


8.1853528 


4.061548 • 


19 


4.3588989 


2.668402 


68 


8.2462113 


4.081656 


20 


4.4721360 


2.714418 


69 


8.3066239 


4.1015^6 


21 * 


4.5825757 


2.758923 


70 


8.3666003 


4.121285 


22 


4.6904158 


2.802039 


71 


8.4261498 


4.140818 


23 


4.7958315 


2.843867 


72 


8.4852814 


4.160168 


24 


4.8989795 


2.884499 


73 


8.5440037 


4.179339 


25 


5.0 


2.924018 


74 


8.6023253 


4.198336 


26 


5.0990195 


2.962496 


75 


8.6602540 


4.217163 


27 


5.1961524 


3.0 


76 


8.7177979 


4.235824 


28 


5.2915026 


3.036589 


77 


8.7749644 


4.254321 


29 


5.3851648 


3.072317 


78 


8.8317609 


4 272669 


30 


5.4772256 


3.107232 


79 


8.8881944 


4.290841 


31 


5.5677644 


3.141381 


80 


8.9442719 


4.308870 


32 


5.6568542 


3.174802 


81 


9.0 


4.326749 


33 


5.7445626 


3.207534 


82 


9.0553851 


4.344481 


34 


5.8309519 


3.239612 


83 


9.1104336 


4.362071 


35 


5.9160798 


3.271066 


84 


9.1651514 


4.379519 


36 


6.0 


3.301927 


85 


.9.2195445 


4.396830 


37 


6.0827625 


3.332222 


86 


9.2736185 


4.414005 


38 


6.1644140 


3.361975 


. 87 


9.3273791 


4.431047 


39 


6.2449960 


3.391211 


88 


9.3808315 


4.447960 


40 


6.3245553 


3.419952 


89 


• 9.4339811 


4.464746 


41 


6.4031242 


3.448217 


90 


9.4868330 


4.481405 


42 


6.4807407 


3.476027 


91 


9.5393920 


4.497942 


43 


6.5574385 


3.503398 


92 


9.5916630 


4.514357 


44 


6.6332496 


3.5.^0348 


93 


9.6436508 


4.530655 


45 


6.7082039 


3.556893 


94- 


9.6953597 


4.546836 


46 


6.7823300 


3.583048 


95 


9.7467943 


4.562903 


47 


6.8556546 


3.608826 


96 


9.7979590 


4.577857 


48 


6.9283032 


3.634241 


97 


9.8488578 


4.594701 


49 


7.0 


3.659306 


98 


9.8994949 


•4.610436 
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MENSDKATION. 



Number. 


Sqnare Boot. 


Cube Root. 


1 Number. 


Square Root. | 


Cube Root. 


99 


9.9498744 


4.626065 


150 


12.24^4487 


5.313293 


100 


10.0 


4.641589 


151 


12.2882057 


5.325074 


101 


10.0498756 


4.657010 


152 


12.3288280 


5.336803 


102 


10.0995049 


4.672330 


153 


12.3693169 


5.348481 


103' 


10.1488916 


4.687548 


154 


12.4096736 


5.360108 


104 


10.1980390 


4.702669 


155 


12.4498996 


5.371685 


105 


10.2469508 


4.717694 


156 


12.4899960 


5.383231 


106 


10.2950301 


4.732624 


157 


12.5299641 


5.394690 


107 


10.3440804 


4.747459 


158 


12.5698051 


5.40t>120 


108 


10.3923048 


4.762203 


159 


12.6095202 


5.417501 


109 


10.4403065 


4.776856 


160 


12.6^91106 


5.428835 


110 


10.4880885 


4 791420 


161 


12.6885775 


5.440122 


111 


ia.535«538 


4.805896 


162 


12.7279221 


5.451362 


112 


10.5830052 


4.820284 


163 


12.7671453 


5.462556 


113 


10.6301458 


4.834588 


164 


12.8062485 


5.473703 


114 


10.6770783 


4.848808 


165 


12.8452326 


5.484806 


115 


10.7238053 


4.862944 


166 


12.8840987 


5.495865 


116 


10.7703296 


4.876999 


167 


12.9228480 


5.506879 


117 


10,8166538 


4.890973 


168 


12.9614814 


5.517848 


118 


10.8627805 


4.904868 


169 


13.0 


5.528775 


119 


10.9087121 


4.918685 


170 


13.0384048 


5.539658 


120 


10.9544512 


4.932424 


171 


13.0766968 


5.550499 


121 


11.0 


4.946088 


172 


13.1148770 


5.6b 1298 


122 


11.0453610 


4 959675 


173 


13.1529464 


5.572054 


12jU 


11.0905365 


4.973190 


174 


13.1909060 


5.582770 


124 


11.1355287 


4.986631 


175 


13.2287566 


5.593445 


125 


11.1803399 


5.0 


176 


13.2664992 


5.604079 


126 


11.22'49722 


5.013298 


177 


13.3041347 


5.614673 


127 


11.2694277 


5.026526 


178 


13.3416641 


5.625226 


128 


11.3137085 


5.039684 


179 


13.3790882 


5.635741 


129 


11.3578167 


5.052774 


180 


13.4164079 


5.646216 


130 


11.4017543 


5.065797 


181 


13.4536240 


5.656652 


131 


11.4455231 


5.078753 


182 


13.4907376 


5.667051 


132 


11.4891253 


5.091643 


183 


13.5277493 


5.677411 


133 


11.5325626 


5.104469 


184 


13.5646600 


5.687734 


134 


11.5758369 


5.117230 


185 


13.6014705 


5.698019 


135 


11.6189500 


5.129928 


186 


13.6381817 


5.7082H7 


136 


11.6619038 


5.142563 


187 


13.6747943 


5.718479 


137 


11.7046999 


5.155137 


188 


13.7113092 


5.728654 


138 


11.7473444 


5.167649 


189 


13.7477271 


5.738794 


139 


11.7898261 


5.180101 


190 


13.7840488 


5.748897 


140 


11.8321596 


5vl92494 


191 


13,8202750 


5.758965 


141 


11.8743421 


5.204828 


192 


13.8564065 


5.768998 


142 


11.9163753 


5.217103 


193 


13,b924440 


5.778996 


143 


11.9582607 


5.229321 


194 


13.9283883 


5.788960 


144 


12.0 


5.241482 


195 


13.9642400 


5.798890 


145 


12.0415946 


5.253588 


196 


14.0 


5.808786 


146 


12.0830460 


5.265637 


197 


14.0356688 


5.818648 


147 


12.1243557 


5.277632 


198 


14.0712473 


5.828476 


148 


12.1655251 


5.289572 


199 


14.1067360 


5.838272 


149 


12.2065556 


5.301459 


200 


14.1421356 


5.8480.85 



TABLES OF. SQUASE 'AND CUBE SOOTS. 
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Number. 


Square Root« | 


Cube Root. 1 


Nu.mber. 


Square Root. ] 


Cube Root. 


201 


14.1774469 


5.857765 


251 


15.8429795 


6.307992 


202 


14.2126704 


5.867464 


252 


15.8745079 


6.316359 


203 


14.2478068 


5.877130 


253 


15.9059737 


6.324704 


204 


14.2828569 


5.886765 


254 


15.9373775 


6.333025 


205 


14.3178211 


5.896368 


255 


15.9687194 


6.341325 


206 


14.3527001 


5.905941 


256 


16.0 


6.349602 


2(»7 


14.3874946 


5.915481 


257 


16.0312195 


6.357859 


208 


14.4222051 


5.924991 


258 


16.0623784 


6.366095 


209 


14.4568323 


5.934473 


259 


16.0934769 


6.374310 


210 


14.4913767 


5.943911 


260 


16.1245155 


6.382504 


211 


14 5258390 


5.953341 


261 


16.1554944 


6 390676 


212 


14.5602198 


5 962731 


262 


16.1864141 


6 398827 


213 


14.5945195 


5 97.2091 


2b3 


16.2172747 


6.406958 


214 


14.6287388 


5.981426 


264 


16 2480768 


6.415068 


215 


14.6628783 


5.990727 


265 


16.2788206 


6.423157 


216 


14.6969385 


6.0 


266 


16.3095064 


6.431226 


217 


14.7309199 


6.009244 


267 


16.3401346 


6.439275 


218 


14.7648231 


6.018363 


268 


16.3707055 


6.447305 


219 


14.7986486 


6.027650 


269 


16.4012195 


6.455314 


220 


14.8323970 


6.036811 


270 


16.4316767 


6.463304 


221 


14.8660687 


6.045943 


271 


16.4620776 


6.471274 


222 


14.8996644 


6.055048 


272 


16.4924225 


6.479224 


223 


14.9331845 


6.064126 


273 


16.5227116 


6.487153 


224 


14.9666295 


6.073177 


274 


16.5529454 


6.495064 


225 


15.0 


6.0S2201 


275 


16.5831240 


6.502956 


226 


15.0332964 


6.091199 


276 


16.6132477 


6510829 


227 


15.0665192 


6.100170 


277 


16.6433170 


6.518684 


228 


15.0996689 


6.109115 


278 


16.6733320 


6.526519 


229 


15.1327460 


6.1(8032 


279 


16.7032931 


6.534335 


230 


15.1657509 


6.126925 


280 


16.7332005 


6.542132 


231 


15 1986842 


6.135792 


281 


16.7630546 


6.549911 


232 


15.2315462 


6.144634 


282 


16.7928556 


6.557672 


233 


15.2643375 


6.153449 


283 


J 6.8226038 


6 565415 


234 


15.2970585 


^6.162239 


284 


16.8522995 


6.573139 


235 


15.3297097 


6.171005 


285 


16.8819430 


6.580844 


236 


15.3622915 


6.179747 


286 


16.9115345 


6.588531 


237 


15.3948043 


6.188463 


287 


16.9410743 


6 596202 


238 


15.4272486 , 


6.197154 


288 


16.9705627 


6.603854 


239 


15.4596248 


6.205821 


289 


17.0 


6.611488 


240 


15.4919334 


6-214464 


290 


17 0293864 


6.619106 


241 


15.5241747 


6.223083 


291 


17.0587221 


6.626705 


242 


15.5563492 


6.231678 


292 


17.0880075 


6.63428r 


243 


15.5884573 


6.240251 


293 


17.1172428 


6.641851 


244 


15.6204994 


6.248800 


294 


17.1464282 


6.649399 


245 


15.6524758 


6.257324 


295 


17.1755640 


6.656930 


246 


15.6843871 


6.265826 


296 


17.2046505 


6.664443 


247 


15.7162336 


6.274304 


297 


17.2336876 


6 671940 


248 


15.7480157 


6.282760 


298 


17.2626765 


6.679419 


249 


15.7797338 


6 291194 


299 


17.2916165 


6 686882 


250 


15.8113883 


6.299604 


300 


17.3205081 


6.694328 
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MEnraSATldN. 



Number.] 


Bquare Koot. | 


Cube Root. 


Number.! 


Sqnarft Root. | 


Cube Root. 


301 


17.3493516 


6.701758 


351 


18.7349940 


7.054003 


302 


17.3781472 


6.709172 


352 


18.7616630 


7.060696 


303 


17.4066952 


6.716569 


353 


18.7882942 


7.067376 


304 


17.4355958 


6.723950 


354 


18.8148877 


7.074043 


305 


17.4642492 


6.731316 


355 


18.8414437 


7.080698 


306 


17.4928557 


6738665 


356 


18.8679623 


7.087341 


307 


17.5214155 


6.745997 


357 


18.8944436 


7.0^i970 


308 


17.5499288 


6.753313 


358 


18.9208879 


7.106588 


309 


17.5783958 


6 7606 U 


359 


189472953 


7.107193 


310 


17.6068169 


6.767899 


3()0 


18.9736660 


7.113786 


311 


V 17.6351921 


6.775168 


361 


19.0 


7.120367 


312 


,17.6635217 


6.7S2422 


362 


19.0262976 


7.126935 


313 


17.6918060 


6.789661 


363 


19.0525589 


7.133492 


314 


17.7200451 


6.796884 


364 


19.0787840 


7.140037 


315 


17.7482393 


6.804091 


365 


19.1049732 


7.146569 


316 


17*7763888 


6.811284 


366 


19.1311265 


7.153090 


317 


,17.8044938 


6.818461 


- 367 


19.1572441 


7.159599 


318 


17.8325545 


6.825624 


368 


19.18.'?3261 


7.166095 


319 


17.8605711 


6.832771 


369 


19.2093727 


7.172580 


320 


17.8885438 


6.839903 


370 


19.2353841 


7.179054 


321 


17 9164729 


6.847021 


371 


192613603 


7.185516 


322 


17.9443584 


6.854124 


372 


19.2873015 


7.191966 


323 


17.9722008 


6.861211 


373 


19.3132079 


7.198405 


324 


18.0 


6.868284 


374 


19.3390796 


7.204832 


325 


18.0277564 


6.875343 


375 


19.3649167 


7.211247 


^326 


18.0554701 


6.882388 


376 


19.3907194 


7.217652 


327 


18.0831413 


6.889419 


377 


19.4164878 


7.224045 


328 


18.1107703 


6.896435 


378 


19.4422221 


7.230427 


329 


18.1383571 


6.903436 


379 


19.4679223 


7.236797 


330 


18.1659021 


6.910423 


380 


19.4935887 


7.243156 


331 


18.1934054 


6.917396 


381 


19.5192213 


7.249504 


332 


18 2208672 


6.924355 


382 


19.5448203 


7.255841 


333 


18.2482876 


6.931300 


383 


19.5703858 


7.262167 


334 


13-2756669 


6.938232 


384 


19.5959179 


7.268482 


335 


18.3030052 


6.945149 


385 


19.6214169 


7.274786 


336 


18.3303028 


6.952053 


386 


19.6466827 


7.281079 


337 


18 3575598 


6 958943 


387 


19.6723156 


7.287362 


338 


18.3847763 


6.965819 


388 


19.6977156 ' 


7.293633 


339 


18.4119526 


6.972682 


369 


19.7230829 


7.299893 


340 


18.4390889 


6.979532 


390 


19.7484177 


7.306143 


341 


18.4661853 


6 986369 


391 


19.7737199 


7.312383 


342 


18.4932420 


6.993191 


392 


19.7989899 


7.318611 


343 


18.5202592 


7.0 


393 


19.8242276 


7.324829 


344 


18.5472370 


7.006796 


394 


19.8494332 


7.331037 


345 


18.5741756 


7.013579 


395 


19.8746069 


7.337234 


346 


18 6010752 


7 020349 


396 


19 8997487 


7.343420 


347 


18.6279.360 


7.027106 


397 


19.9248588 


7.349596 


348 


18.6547581 


7.033850 


398 


19.9499373 


7.355762 


349 


18.6815417 


7 040581 


399 


19.9749844 


7.361917 


350 


18.7082869 


7.047208 


400 


20.0 


7.368063 



TABLES OF SQUAKE-'AND CUBH ROOTS. 
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Number. 1 


Square Root. 


Cube Root. 


1 Number. 


Square Root. | 


Cobe Boot. 


401 


20.024^844 


7.374198 


451 


21.2367606 


7.668766 


402 


20.0499377 


7.380322 


,452 


21.2602916 


7.674430 


403 


20.0748599 


7.386437 


453 


21.2837967 


7.680085 


404 


20.0997512 


7.392542 


454 


21.3072758 


7.685732 


405 


20.1246118 


7.398636 


455 


21.8307290 


7.691371 


406 


20.1494417 


7.404720 


456 


2L.3541565 


7.697002 


40t 


20.1742410 


7.410794 


457 


21.3775583 


7.702624 


406 


20.1990099 


7.416859 


458 


21.4009346 


7.708238 


409 


20.2237484 


7.422914 


459 


21.4242853 


7.713844 


410 


20.2484567 


7.428958 


460 


21.4476106 


7.719442 


411 


20.2731349 


7.434993 


461 


21.4709106 


7.725032 


412 


20.2977831 


7.441018 


462 > 


21,4941853 


7,730614 


413 


20.3224014 


7.447033 


463 


21.5174348 


- 7.736187 


414 


20.3469809 


7-453039 


464 


21.5406592 


7.741753 


415 


20.3715488 


7.459036 


'465 


21.5638587 


7.747310 


416 


20.3960781 


7.465022 


466 


21.5870331 


7.752860 


417 


20.4205779 


7.470999 


467 


21.6101828 


7.758402 


418 


20.4450483 


7.476966 


468 


21.6333077 


7.763936 


419 


20.4694895 


7.482924 


469 


21.6564078 


7.769462 


420 


20.4939015 


7.488872 


470 


21.6794834 


7.774980 


421 


20.5182845 


7.494810 


471 


21.7025344 


7.780490 


422 


20.5426386 


7.500740 


472 


21.7255610 


7.785992 


423 


20.5669638 


7.506660 


473 


21.7485632 


7.791487 


424 


20.5912603 


7.512571 


474 


21.7715411 


7.796974 


425 


20.6155281 


7.518473 


475 


21.7944947 


7.802453 


426 


20.6397674 


7.524365 


476 


21.8174242 


7.807925 


427 


20.6639783 


7.530248 


477 


21.8403297 


7.813389 


428 


20.6881609 


7.536121 


478 


21.8632111 


7.818845 


429 


20.7123152 


7.541986 


479 


21.8860686 


7824294 


430 


20.7364414 


7.547841 


480 


21.9089023 


7.829735 


431 


20.7605395 


7.553688 


481 


21.9317122 


7.835168 


432 


20.7846097 


7.559525 


482 


21.9544984 


7.840594 


433 


20.8086520 


7.565353 


483 


21.9772610 


7.846013 


434 


20.8326667 


7.571173 


484 


22.0 


7.851424 


435 


20.8566536 


7.576984 


485 


22.0227155 


7.856828 


436 


20.8806130 


7.582786 


486 


92.0454077 


7.862224 


437 


20.9045450 


7 588579 


487 


22.0680765 


7.867613 


438 


20.9284495 


7.594363 


438 


22.0907220 


7.872994 


439 


20.9523268 


7.600138 


489 


22.1133444 


7.878368 


440 


20.9761770 


7.605905 


490 


22.1359436 


7.883734 


441 


21.0 


7.611662 


491 


22.1585198 


7.889094 


442 


21.0237960 


7.617411 


492 


22.1810730 


7.894446 


443 


21.0475652 


7.623151 


493 


22.2036033 


7.899791 


444 


21.0713075 


7.628883 


494 


22 2261108 


7.905129 


445 


21.0950231 


' 7.634606 


495 


22.2485955 


7.910460 


446 


21.1187121 


7.640321 


496 


22.2710575 


7.915784 


447 


21.1423745 


7.646027 


497 


22.2934968 


7.921100 


448 


21.1660105 


7.651725 


498 


22.3159136 


7.926408 


449 


21.1896201 


7.657415 


499 


22.3383079 


7.931710 


450 


21^132044 


7.663094 


500 


22.3606798 


7.937005 



)W 




MENST^ATIOR. 




' 




Numbar. 


tSqa&re Koot. 


iJvthe Koot. 


N umber. 


Fqnare Root. f'ubeRoot. ^ 


601 


22.3830293 


7.942293 


551 


23.47.'<3892 


8.198175 




502 


22.4053565 


7 947573 


552 


23.4946802 


8.203131 




603 


22.4276615 


7.952847 


553 


23.5159520 


8.208082 




604 


22.4499443 


7.958114 , 


554 


23.5372046 


8.213027 


^ 


605 


22.4722051 


7.963374 


555 


23.5584380 


8.217965 




606 


22.4944438 


7.968627 


556 


23.5796522 


8.222898 




607 


22.5166605 


7.973373 


557 


23.600S474 


8.227825 




608 


22 5388553 


7.979112 


558 


23.6220230 


8.232746 




609 


22.5610283 


7.984344 


559 


23,6431808 


8.237661 




610 


22.5831796 


7.989569 


560 


23 6643191 


8.242570 




611 


22.6053091 


7.994788 


561 


23.6854386 


8.247474 




612 


22 6274170 


80 


562 


23.7065392 


8.222371 




613 


22.6495033 


8.005205 


563 


23.7276210 


8.257263 




614 


22.6715681 


8.010403 


564 


23.7486842 


8.262149 




615 


22.6936114 


8.015595 


565 


23.7697286 


8.267029 




616 


22.7156334 


8.020779 


566 


23.7907545 


8.271903 




617 


22.7376340 


8.025957 


567 


23.6117618 


8.276772 




618 


22.7596134 


8.031120 


568 


23.8327506 


8.281635 




619 


22.7815715 


8.036293 


569 


23.8537209 


8.286493 




620 


22.8035085 


8.041451 


570 


23.8746728 


8.291344 




621 


22.8254244 


8046603 


571 


23 8956063 


8.296190 




522 


22.8473193 


8.051748 


572 


23.9165215 


8.301030 




623 


22.8691933 


8.056886 


573 


23.9374184 


8.305865 




624 


22.8910463 


8.062018 


574 


23.9582971 


8 310694 




625 


h 22.9128785 


8.067143 


575 


23.9791576 


8.315517 




626 


22.9346899 


8.072262 


576 


24.0 


8.320335 




627 


22.9564806 


8.077374 


577 


24.0208243 


8.325147 




628 


22.9782506 


8.082480 


578 


24.0416306 


8.329954 




629 


23.0 


8.087579 


579 


24.0624183 


8334755 




630 


23.0217289 


8.092672 


580 


24.0831892 


8.339551 




631 


23.0434372 


8.097758 


581 


24.1039416 


8.344341 




632 


23.0651252 


8.102838 


582 


24.1246762 


8.349125 




633 


23.086(7928 


8.107912 


583 


24.1453929 


8.353904 




634 


23.1084400 


8.112980 


584 


24.1660919 


8.358678 




635 


23.1300670 


8.118041 


585 


24.1867732 


8.363446 




636 


23.1516738 


8.123096 


586 


24.2074369 


8.368209 




537 


23.1732605 


«.128144 


587 


24.2280829 


8.372966 




538 


23.1948270 


8.133186 


588 


24.2487113 


8.377718 




639 


23.2163735 


8.138223 


589 


24.2693222 


8.382466 




540 


23.2379001 


8.143253 


590 


24.2899156 


8.387206 




641 


23.2594067 


8.148276 


591 


24.3104916 


8.391942 




642^ 


23.2808935 


8.153293 


592 


24.3310501 


8.396673 




643 


23.3023604 


8.158304 


593 


24.3515913 


8.401398 




644 


23.3238076 


8.163309 


594 


24.3721152 


8.406118 




545 


23.3452351 


8.168308 


695 


24.3926218 


8.410832 




646 


23.3666429 


8.173302 


596 


24.4131112 


8.415541 




547 


23.3880311 


8.178289 


597 


24.4335832 


8420246 




548 


23.4093998 


8.183269 


598 


24.4540385 


8.424944 




649 


23.4307490 


8.188244 


599 


2414744765 


8.429638 




550 


23.4520788 |- 8.193212 


600 


24.4948974 


8.434327 




■ 


■ 
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TABLES OF SQtTA&E AND CUBE BOOTS. 



lid 





Number. 


Square Koot. 


1 Cube Root. 1 


1 Number. 


Square Root. | 


Cube Root'. 




6U1 


24.5153013 


8.4.39009 


651 


25.5147016 


8.666831 




602 


24 5356883 


8.443687 


652 


25.5342907 : 


8.67i266 




603 


245560583 


8 418360 


653 


25.5538647 


8.675697 




604 


24 5764115 


8.453027 


654 


25.5734237 


8.680123 




605 


24.5967478 


8.457689 


655 


25.5929678 


8.684545 




. 606 


'24 6170673 


8.462347 


656 


25.6124969 


8.688963 




607 


24.6373700 


8.466999 


657 


25.6320112 


8.693376 




608 


54 6576560 


8.471647 


658 


25.6515107 


8.697784 




609 


24.6779254 


8.476289 


659 


25.6709953 


8.702188 


' 


610 


24.6981781 


8.480926 


660 


25.6904652 


8.706587 




611 


24.7184142 


8.485557 


661 


25.7099203 . 


8.710982 


■ 


612 


24.7386333 


8.490184 


662 


25.7203607 


8.715373 


A 


613 


24.7588363 


8.494806 


663 


25.7487864 


8.719759 


V 


614 


24.7790234 


8.499423 


664 


25.7681975 


8.724141 




615 


24.7991935 


8.504034 


665 


25.7875939 


8.728518 


'. 


616 


24.8193473 


8.508641 


666 


25.8069758 


8.732891 




617 


24.8394847 


8.513243 


667 


25.8263431 


8.737269 


, 


618 


24.8596058 


8.517840 


668 


25.8456960 


8.741624 




619 


24.8797106 


8.522432 


669 


25.8650343 


8.745984 




620 


24.8997992 


8.527018 


670 


25.8843582 


8.750340 




621 


24.9198716 


8.531600 


671 


25.9036677 


8.754691 




622 


24.9399278 


8.536177 


672 


25.9229628 


8.759038 


I 


623 


24 9599679 


8.540749 


673 


25.9422435 


8.763380 




624 


24.9799920 


8.545317 


674 


25.9615100 


8.767719 


■ 


625 


25 


8.549879 


675 


25.9807621 


8.772053 




626 


25.ai99920 


8.554437 


676 


26.0 


8.776382 




627 


25.0399681 


8.558990 


677 


26.0192237 


8.780708 




628 


25.0599282 


8.563537 


678 


26.0384331 


8.785029 




629 


25.0798724 


8.568080 


679 


20.0576284 


8.789346 




630 


25.0998008 


8 572618 


680 


26.0768096 


8793659 




631 


25.1197134 


8.577152 


681 


26.0959767 


8.797967 




632 


25 1396102 


8.581680 


682 


26.1151297 


8.802272 




633 


25.1594913 


8.586204 


683 


26.1342687 


8.806673 




634 


25.1793566 


8.590723 


684 


26.1533937 


8.810868 




635 


25.1992063 


8.595238 


685 


26.1725047 


8.815159 




636 


25.2190404 


8.599747 


686 


26.1916017 


8.819447 




637 


25.2388589 


8.604252 


687 


26.2106848 


8.823730 




638 


25.2586619 


3.608752 


688 


26.2297541 


8.82S009 




639 


25.2784493 


8.6iS248 


'689 


26.2488095 


8.832285 




640 


^5.2982913 


8.617738 


690 


26.2678511 


8.836556 




641 


25.3179778 


8.622224 


691 


26.2868789 


8.840822 




642 


25.3377189 


8.626706 


692 


26.3058929 


8.845085 


643 


25.3574447 


8.631183 


693 


26.3248932 


8.849344 


644 


25.3771551 


8.635655 


694 


26.2438797 


S.85o598 




645 


25.3968502 


8.640122 


695 


26.3628527 


8.857849 




646 


25.4165301 


8.644585 


696 


26.3818119 


8;862095 




647 


25.4361917 


8.649043 


697 


26.4007576 


8 866337 




648 


25.4558441 


8.653497 


698 


26.4196896 


8.870575 




649 


25.4754784 


8.657946 


699 


26.4386081 


8.874809 




659 


25.4950076 


8.662301 


700 


26.4575131 


8.879040 



w 


• 


MENSURATION. 






Nvmber. 


1 Square Hoot. 


1 CubeJRoot. 


I Number. 


Squorip Koot. 


1 Cube Koot. 


701 


26.4764046 


8.883266 


751 


27.4043792 


9.U89639 


702 


26.4952826 


8.887488 


752 


27.4226184 


9.093672 


703 


26.5141472 


8.891700 


753 


27.4408455 


9.097701 


704 


26.5329983 


8.895920 


754 


27.4590604 


9.101726 


705 


26.5518361 


8.900130 


755 


27.4772633 


9.105748 


706 


26.5706605 


8.904S36 


756 


27.4954542 


9.109766 


707 


26.5894716 


8.908538 


757 


27.5136330 


9.113781 


708 


26.6082694 


8.912736 


758 


27.5317998 


9.117793 


709 


26.6270539 


8.916931 


759 


27.5499546 


9.121801 


710 


26.6458252 


8.921121 


760 


27.5680975 


9.125805 


711 


26.6645833 


8.925307 


761 


27.5862284 


9.129806 


712 


26.6833281 


8.929490 


762 


27.6043475 


9.133803 


713 


26.7020598 


8 933668 


763 


27.6224546 


9.137797 


714 


26.7207784 


8.937843 


764 


27.6405499 


9.141788 


715 


26.7394839 


8.942014 


765 


27.6586334 


9.145774 


716 


26.7581763 


8.946180 


766 


27.6767050 


9.149757 


717 


26.7768557 


8 950343 


767 


27.6947648 


9.153737 


718 


26.7955220 


8.954502 


768 


27.7128129 


9,157713 


719 


26.8141754 


8.958658 


769 


27.7308492 


9.161686 


720 


26.8328157 


8.962809 


770 


27.7488739 


9.165666 


721 


26.8544432 


8.966957 


771 


27.7668858 


9.169622 


722 


26.8700577 


8.971100 


772 


27.7848880 


9.173585 


723 


26.88S6593 


8.975240 


773 


27.8028775 


9.177544 


724 


26.9072481 


8.979376 


774 


27.8208555 


9.181500 


725 


26.9258240 


8.983508 


775 


27.8388218 


9.185452 


• 726 


26.9444872 


8.987637 


776 


27.8567766 


9.1S9401 


727 


26.9629375 


8.991762 


777 


27.6747197 


9.193347 


728 


26.9814751 


8.995S83 


778 


27.8926514 


9.197289 


729 


27.0 


9.p 


779 


27.9105715 


9.201228 


730 


27.0185122 


9.00*113 


780 


27.9284801 


9.205164 


731 


27.0370117 


9.008222 


781 


27.9463772 


9.209096 


732 


27.0554985 


9.012328 


782 


27.9642629 


9.213025 


733 


27.Q739727 


9.016130 


783 


27.9821372 


9.216950 


734 


27.0924344 


9.020529 


784 


28.0 


9.220872 


735 


27.1108834 


9.024623 


785 


28.0178515 


9.224791 


736 


27.1293199 


9.028714 


786 


28.0356915 


9.228706 


737 


27.1477439 


9.032S02 


787 


28.0535203 


, 9.232618 


738 


27.1661554 


9.036885 


788 


28.0713377 


9.237527 


739 


27.1845544 


9.040965 • 


789 


28.0891438 


9.240433 


740 


27.2029410 


9.045041 


790 


28.1069386 


9.244335 


741 


27.2213152 


9.049114 


791 


28.1247222 


9.248234 


742 


27.2396769 


9.053183 


792 


28.1424946 


9.252130 


743 


27.2580263 


9.057248 


793 


28.1602557 


9.256022 


744 


27.2763634 


9.061309 


794 


28.1780056 


9.259911 


745 


27.2946881 


9.065367 


795 


28.1957444 


9.263797 


746 


27.3130006 


9.069422 


796 


28.2134720 


9.267679 


747 


27.3313007 


9 073472 


797 


28.2311884 


9.271559 


748 


27.8495887 


9.077519 


793 


28.2488938 


9.275435 


749 


27.3678644 


9.081563 


799 


28.2665881 


9.279308 


750 


27.S861279 


9.0S5603 


800 


28.2842712 


9.283177 



TABLES OF SQUARE &ND CUBE KOOTS. 



ADBibi;. 


Sqoue Kau t Cuba Rul. 


Snm\*v 


?qun«RD«. 1 ClltwHoot., 


601 


28^019131" 


9.287044 


S5l " 


29.1719013 


9.476395 


802 


28.3196015 


9.290907 


852 


29,1890390 


9.1S0106 


803 


28.3372511) 


9.291767 


853 


29.2061637 


9.163813 


801 


28.3518938 


9.298623 


851 


29.2232784 


9.437318 


805 


28.3723219 


9.303177 


855 


29.2103B30 


9,191219 


S06 


28.3901391 


9.306327 


856 


29,2571777 


9.494918 


607 


28.4077151 


9.310175 


85? 


29.2715623 


9.498611 


808 


28,12534i;8 


9.311019 


S5B 


29,2916370 


9 502307 


809 


28.4129253 


9.317859 


859 


29.3087018 


9,503998 


810 


28.4601969 


9.321697 


860 


29,3257566 


9.509685 


811 


28.1760617 


9 325532 


861 


29.3128015 


9.513389 


»\2 


28.1956137 


9.329363 


8B2 


29.339ci365 


9.517051 


813 


28,5131519 


9,333191 


863 


29.3768616 


9.520730 


811 


28,5306832 


9.337II16 


864 


29.3938769 


9.521106 


.813 


28.5182018 


9.340838 


865 


29,1108323 


9.52^079 


818 


26,5657137 


9.311657 




29,4278779 


9.531719 


817 


28.5832119 


9.318473 


S67 


29.1148637 


9.535117 


813 


28.6006993 


9„!52285 


868 


29.4618397 


9.539061 


819 


28.6181760 


9.3.56095 


869 


29.1788059 


9512713 


820 


28.6356421 


9,359901 


870 


29,4957624 


9.516102 


eai 


2S.6530976 


9.363701 


871 


29.5127091 


9.550038 


832 


2S.6705121 


9.367505 


872 


29.5296461 


9,353712 


823 


22.6879766 


9.371302 


873 


29.51i>573l 


9.537363 


821 


28.7051002 


9,37.1096 


871 


29.5631910 


9,561010 


825 


28.7228132 


9,378887 


875 


29.5603969 


9.561655 


828 


28.7102157 


9 372675 


876 


29.5972972 


9.566297 


827 


28,7576077 


9.386160 


877 


29 6141858 


9,571937 




28.7719891 


9 390211 


878 


29 6310618 


9.575571 


B29 


2S.7923601 


9.391020 


979 


29 0479325 


9.579208 


830 


28.8097208 


9.397796 




29 6617939 


9,5d2839 


H31 


28.8270706 


9.101569 


SSI 


291816112 


9.586168 


832 


28.84H102 


9.405338 


8S2 


29 6981948 


9.590093 


833 


28.8617391 


4,109105 


883 


29 7153159 


9.593716 


831 


28.8790582 


9.112869 


884 


29 7321375 


9.597337 


835 


28.8963666 


9.116631) 


885 


29 7489496 


9.600951 


6315 


28.913ri61ti 


9.420387 


866 


29 7557521 


9.601569 


837 


28.9309523 


9.124141 


887 


29 7825152 


9.608161 


638 


28.9182297 


9-42T893 


888 


29 7993289 


9.611791 


83a 


28.11651967 


9.131642 


889 


29 8161030 


9.615397 


810 


28 9827535 


9,135388 


890 


29 8328678 


9.619001 


811 


29.0 


9.139130 


891 


29 8496231 


9,622603 


812 


29 0172363 


9.412870 


892 


29 8663690 


9.626201 


813 


29,0311623 


9.116607 


893 


29 883105B 


9.629797 


814 


29.05 J 6781 


9.450311 


891 


29 5-98328 


9.633390 


815 


29.0688837 


9.451071 


895 


29 9165506 


9.636981 


816 


29 0860791 


9.157799 


89 > 


29 9332591 


9.610569 


817 


29.1032611 


9.161524 


897 


29 9199583 


9.644151 


84S 


29.1201396 


9.455217 


898 


29 96661S1 


9 647736 


819 


29.1376016 


9,168966 


8<W 


29 9833287 


9.651316 


a^o 


29 1547695 


9,1726fi2 


900 


30 


9.651893 






TABLES or SQUARE AND CUBE ROOTS. 123 

To find the cube or square rod of a higher number than is contained in tht 

Table. 

Rule. — Refer to the Table, and seek in the column of squares or 
cubes, the number nearest to that number whose root is sought, 
and the number from which that square or cube is derived will be the 
answer required, when decimals are not of importance. 

■i Example 1. — Required the square root of 542869; and the number 

is from which that square has been obtained is 737. 

?-^ Therefore, v^542869=737 nearly, Ans. 

■if. 

J;| ExAatPlE 2.— Required the cube root of 419684381. 

In the Table of Cubes, the nearest number is 420189749, and the 
Bwmber opposite is 749. 

•;^ Therefore, v^41968438 1=749 nearly, Ans. 

?B _ ■ 

i'i^ To find more correcthj the cube root of a higher number than is contained 

tig in the Table. 

RnLB.— Ascertain, by the Table, the nearest cube number to the 
number given, and call it the assumed cube. 

Multiply the assumed cube, and the given number, respectively, by 
2 ; to the product of the assumed cube add the given number, and to 
the product of the given number add the assumed cube. 

Then, by proportion, as the sum of the assumed cube is to the sum 
of the given number, so is the root of the assumed cube to the root of 
the given number. 

Example.— Required the cube root of 412568555. 

Per Table, the nearest number is 4118307845 and its cube root if 
744. 

Therefore, 411830784 X2+4i2568555:s=l236230123. 
And, 4l2568555x2-f-411830784=12369b7894. 
Hence, as 1236230123 : 1236967894 : : 744 : 744.369 very nearly Ann. 

To find the Sixth Root of a Number. 

Rule.— Take the cube root of its square root. 
Example.— What is the ^f 441 ? 

V/411=21, and ^21=2.7589, Ans. 



m 
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ERRATA. 

Page 16, 12th line, for " Multiply by" read Muttiplitd by. 

" 50, Ex. 6, for "Ans. 100.9445," read 160.9465. 

" 63, the cut for the PrUmoid is imperfect, the line rising from 
the letter C, should have joined the upper corner of the figure. 

Page 112, First line in 1st series of differences, for ♦* 10003" read 

-•? 3 



1000 and in the line below, for << 92P3" read 999. 
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